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THE NORTHERN COPPERHEAD IN IOWA1 
REEVE M. BAILEY 
From the Section of Entomology and Economic Zoology, Iowa Agricultural 
Experiment Station 
Received July 3, 1940 
Agkistrodon contortrix was listed among the reptiles of Iowa (Somes, 
1911: 150), but subsequent authors, lacking confirmatory evidence, have 
not included the state as being within the range of the copperhead. 
Four specimens now furnish an authentic basis for extending the 
known range of the northern copperhead, Agkistrodon mokasen cupreus 
(Rafinesque) 2 , to include southeastern Iowa. These individuals were 
taken from the wooded, rocky bluffs of the Mississippi and lower Des 
Moines rivers, terrain typical of the habitat preference elsewhere. The 
records are as follows: (A)-LEE Co., vicinity of Keokuk,, Iowa State Col-
lege collection, about 1895, C. F. Davis. (B)-LEE Co., bluff of Mississippi 
River, 3.5 miles north of Keokuk, Chicago Academy of Sciences collec-
tion, September, 1939, R. F. Trump. (C)-VAN BUREN Co., Bonaparte, 
I. S. C., August, 1939, R. F. Trump. (D)-VAN BUREN Co., Bonaparte, 
I. S. C., July 28, 1939, R. F. Trump. 
These snakes agree well with Gloyd and Conant's description (1938: 
164-165). In each there are 8 upper labials; specimen A has 9 lower 
labials, the others 10. Specimen C has 2 preoculars and 3 postoculars, the 
others have 3 preoculars and 2 postoculars. The more or less spool-
shaped crossbands involve from 2 to 3 scales in a lengthwise series along 
the mid-dorsal line and from 5 to 11.5 along the widest part on the sides; 
these average (A) 7-3-7; (B) 8-2.5-8; (C) 7-2.5-8; (D) 10-2.5-10. Other 
features of scutellation and pattern are given in the accompanying table. 
Total Tail Body Scale 
Spec. Sex Ventrals Caudals Length length blotches rows 
(mm.) (mm.) 
A rJ 152 48 801 103 17 25,23,21,19 (15 divided) 
B rJ 153 47 585 86 14 25,23,21 ( 5 divided) 
c rJ 149 4'7 790 104 16 25,23,21,20 (12 divided) 
D <? 150 44 775 95 15 25,23,21,20 (12 divided) 
'Journal Paper No. J-776 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 651. 
2 I am indebted to Mr. Roger Conant, who has examined two of these specimens 
and confirmed the subspecific determination, and to Mr. Richard F. Trump of Keokuk, 
Iowa, from whom all of them were received. 
[1] 
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AGE CLASSES OF WINTER COVER USED BY THE EASTERN BOB-
WHITE, CO LINUS V. VIRGINIANUS, IN SOUTHERN IOWA 1• 2 
MAURICE F. BAKER 
From the Section of Entomology and Economic Zoology, Iowa Agricultural 
Experiment Station 
Received July 9, 1940 
Woody growth along gullies forms some of the most favorable winter 
cover for the eastern bob-white (Colinus v. virginianus) in southern 
Iowa and similar localities. Workers advocating gully plantings for erosion 
control and as a game management practice are sometimes asked how old 
a planting must be to attract and hold quail during the winter, or they may 
be asked at what age timber may be thinned for lumber or fuel, and still 
leave good bob-white cover. 
Errington and Hammerstrom (1936) concluded that a given territory 
has a given year to year carrying capacity for quail, barring catastrophic 
events which would decimate the population, and provided that no sig-
nificant change in cover conditions occurred, but did not analyse in detail 
the character of the cover used. Green and Beed (1937) attributed much 
of the 35 per cent decrease in the quail population that occurred during 
the abnormally severe winter of 1935-1936 to cold and hunger after much 
of the winter cover had been filled with snow, and pointed out that during 
periods of heavy snow and drifting the quail sought out and used gully 
coverts extensively. 
In an effort to learn something of the age classes of winter cover used 
by quail, especially that along gullies, a study of such coverts and their 
usefulness to quail was made during the winter of 1937-1938 and 1938-
1939 in Davis County, Iowa. This investigation was under the supervision 
of Dr. G. 0. Hendrickson, Assistant Professor of Zoology, Iowa State 
College; Dr. Logan J. Bennett, Associate Biologist of the United States 
Biological Survey, and his successor, Thomas G. Scott. 
The terrain of Davis County, Iowa, is typical of much of southeast 
Iowa. It is rolling to rough, and has many wooded draws and gullies ex-
tending into the cultivated fields. A series of various aged coverts along 
gullies was picked at random from approximately the central two-thirds 
of the county. Early in the course of the investigation it became evident 
that a covert, for study purposes, must be relatively isolated from other 
cover, and have an adequate food supply adjacent. Thus, all coverts kept 
under observation had a cornfield adjacent to them, and were not con-
nected with other cover by good travel lanes. 
Determination of the age of the coverts was facilitated by the use 
of a wood-increment borer. Several representative trees were examined 
1 Abridged form of Master of Science Thesis, Library, Iowa State College. 
•Journal Paper No. J-777 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 494. Iowa State College, Iowa State Conservation Commission, and 
American Wildlife Institute cooperating with the U. S. Biological Survey. 
[3] 
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in each covert, and the average age of the sample trees taken as the age 
of the covert. Study areas were mapped accurately so that the size of the 
coverts could be determined with a planimeter. A comparison of the size 
of the coverts in relation to the use by quail indicated that several of those 
originally selected may have been too small to attract quail in winter. 
All such coverts were dropped from consideration in the age series. 
Censusing the bob-whites was accomplished by flush counts, but 
track counts and other signs were used to supplement this method. Dust 
baths, night roosts, loafing spots and scattered fecal droppings and feathers 
all were of more or less value in indicating the presence of quail. No dog 
was used during the first winter, but during the second a pointer dog was 
used to good advantage in locating the quail. Some influx and egress to 
and from the study areas occurred, especially during the second winter, 
but generally the population of a given area became quite stable with the 
advent of cold weather. 
The survival for each age class is presented in table 1. All pertinent 
data are given in the table and a short discussion of the data follows the 
table. The fall count was made after the covey had assembled for the 
winter, and the last spring count was made early in March before the 
spring dispersal, with counts about once each week during the winter. A 
blank space in a population column indicates that the covert was not kept 
under observation during that season. A question mark indicates that the 
lJopulation for that season was not determined, but that sufficient data 
were obtained later in winter to justify the inclusion of the area in the 
scope of the investigation. This applies on a few areas not kept under 
regular observation during the second winter. 
TABLE 1. Bob-white populations in the several age classes of winter cover 
Population 
Area Fall Spring Fall Spring 
number 1937 1938 1938 1939 Remarks 
1- to 10-year age class 
1 0 14 Food conditions highly satisfactory during 
the winter 
2 14 15 ? 14 Food conditions fair both seasons 
3 0 0 0 26 Food conditions about the same both sea-
sons 
11- to 20-year age class 
4 16 15 This area had as many as 20 quail during 
part of winter 
5 15 10 Loss from egress during early winter 
6 0 0 17 14 No corn adjacent to covert during second 
winter 
7 17 0 Loss during first year from egress 
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TABLE l. (continued) 
Population 
Area Fall Spring Fall Spring 
number 1937 1938 1938 1939 Remarks 
8 10 10 18 21 Food conditions only fair both years 
9 12 24 Covert large and branched; food fair; 
heavy influx 
10 0 0 Large covey during most of winter; food 
scarce 
11 14 14 Another covey present occasionally; food 
scarce 
12 16 16 Fnod. only fair; cover mostly of willows 
13 14 10 17 17 1938 loss probably due to late winter egress 
21- to 30-year age class 
14 18 18 17 38 Influx late in the winter of 1939 
15 10 10 11 10 Food conditions rather poor both years, 
loss from predation 
16 0 0 7 a.uail during most of the winter, preda-
tion of one 
17 0 0 13 3 Heavily grazed each winter by cattle and 
sheep 
18 13 10 Food fair, cause of loss undetermined 
19 12 12 16 16 Another covey present occasionally second 
winter 
20 0 0 17 13 Com shocked and removed each year, 
cause of loss unknown 
21 15 0 ? 9 No corn during second winter, egress dur-
ing first winter 
22 20 15 20 20 No corn second year 
23 0 15 0 0 Food conditions good first year and poor 
second year 
24 22 22 Food conditions good, covert not very 
dense 
25 26 10 Food conditions very poor, loss from egress 
31- to 40-year age class 
26 20 16 Cause of loss undetermined, food fair 
27 20 11 Egress of all but 13 in the fall, predation 
of two 
28 13 16 Food conditions in the cornfield poor 
29 13 9 Loss due to hunting in November, 1937 
30 11 16 15 15 Two other coveys 
during second year 
present occasionally 
31 14 19 Loss of one quail by predation after late 
winter influx 
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TABLE 1. (continued) 
Population 
Area Fall I Spring Fall Spring number 1937 1938 1938 1939 Remarks 
41- to 50-year age class 
32 13 13 Food conditions good, population stable 
all winter 
33 13 15 20 18 Quail shifted considerably during winter 
34 13 9 Interspersion with feeding grounds rather 
poor 
35 16 16 T•.vo other coveys present occasionally, 
food conditions good 
26 0 0 30 30 No corn adjacent to covert second year, 
but natural foods abundant 
37 22 22 Covert rather small, food conditions only 
fair 
38 0 0 Food conditions only fair, covert poorly 
isolated 
39 22 22 Another covey occasionally present 
40 12 12 40 quail present at times, loss of one by 
predation 
51- to 60-year age class 
41 17 11 One quail lost by predation, egress of five 
42 6 4 Food conditions good, loss of two by pre-
dation 
43 40 17 11 other quail present occasionally, some 
hunting 
44 15 15 18 18 Covert pastured, food only in fair abun-
dance each year 
45 0 0 Food conditions good, quail present part 
of time 
46 14 14 Influx of ten quail in March not included 
in figures 
47 17 17 A few other quail occasionally present 
48 40 19 Egress of 20 
predation 
during fall, loss of one by 
61- to 91-year age class 
40 15 24 Influx late in winter, food conditions only 
fair 
50 17 17 30 12 Food conditions 
from predation 
good, no apparent loss 
51 35 27 20 other quail present at one time 
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The cover in each of Areas 1, 2, and 3 (table 1) was made up pri-
marily of sprouts that had grown up around the stumps of former trees, 
and tall coarse weeds. The large covey at Area 3 during the second winter 
may not have been entirely dependent on that cover, but appeared to 
spend most of their time on the area. 
It is evident that at Area 6 there was a good survival the second win-
ter and none the first winter, although the food conditions did not appear 
as favorable during the second winter. Area 10 held a fair-sized covey 
during most of the winter, but the surrounding fields were heavily grazed, 
and the quail seemed to move into an adjacent territory where there was 
an abundant weed growth in a small grain stubble field. 
The 21- to 30-year age class is quite representative of the two year's 
survival data. Survival in this age class for the second year was greater 
than or equal to that of all coverts except one that were kept under obser-
vation both years. This tendency is not so apparent in all age classes, but 
is more apparent when all the study coverts are considered. Area 23 is 
one of the few in the entire series that did not hold more quail during the 
second year. The covey present the first winter came into the area rather 
late in the season. During the second winter a large covey fed in a corn-
field bordering the covert, which these birds were not known to use. 
At Area 27 all the adjacent corn was shocked, and the available feed-
ing range was rather small. Area 31 carried 14 quail without loss during 
most of the winter. Shortly after six more quail had come into the area 
late in February, one was taken by a Cooper's hawk ( Accipiter cooperi). 
The covert at Area 34 is not of uniform age throughout. Part of it is 
about 25 years old, and is more dense than the older portion. The quail 
abandoned the older portion for the more dense portion during the winter, 
even though it was adjacent to the cornfield. 
Area 38 did not serve regularly as quail cover, but was used in con-
junction with other cover by 14 quail. 
At Area 42, predation occurred during the winter. This area was part 
of a concentration area for about 15 ring-necked pheasants (Phasianus 
colchicus torquatus (Gmelin), which, with the quail, made up a heavy 
game population in the vicinity. Area 43 is part of an organized game 
management area and probably is hunted over more than any other one in 
the series. Area 45 was used to a considerable extent throughout the 
winter by a covey of quail. However, these birds also used some nearby 
river bottom cover, and for that reason are not counted. 
All of the 61- to 90-year coverts were large enough to permit the quail 
to shift their feeding ground during the winter without having to leave 
the covert. This occurred at each of these Areas 49-51. The loss of birds 
from Area 50 occurred late in the winter. 
During the two winters when these observations were carried on the 
weather was relatively mild and favorable to the survival of quail. This 
similarity is fortunate in that it eliminates the variable of winter weather 
from the comparison of the two years' data. 
The months of November and December of 1937 were 3.6° F., and 
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1.3° F. below normal. January and February of 1938 averaged 3.7° F. 
and 8.8° F. above the normal temperatures. Precipitation for the same 
period was 0.25 inches above normal with 7.4 inches of snow distributed 
evenly over the winter period. 
During the same months of the winter of 1938-1939 the departure 
from normal temperature was 2.0° F., 2.1° F ., 10.8° F. and 0.0° F. above 
normal, with a minimum of 5° F. below zero on February 10. Precipitation 
for the same period was 1.3 inches above normal with a total snowfall of 
13. 7 inches. Some snow fell each month, with the greatest amount occur-
ring on February 28, when 6.5 inches fell. 
The covert of Area 23 was of the average age for 1937-1938 and of 
Area 27 of average age for the year 1938-1939. It is evident that the indi-
vidual coverts which were kept under observation during both winters 
of the investigation generally had more quail surviving the second winter 
than had survived the first winter. Errington and Hammerstrom (1936) 
have shown that a given territory has a certain year to year carrying 
capacity for quail. Therefore, it is reasonable to believe that these coverts 
were not, as a rule, filled to capacity with quail during the first year. 
Similarly it is not unlikely that since most of the coverts were not filled 
to capacity during the first winter that the county as a whole was not 
populated to capacity. If these suppositions are true the absence of quail 
at certain apparently favorable coverts during the first winter can be 
explained. At coverts on Areas 3, 6, 17, 20, 21 and 36 at least a few quail 
survived the second winter, as none was found the first winter. Areas 
6, 20, 21 and 36 had food conditions less favorable during the second win-
ter. To the writer these facts suggest that a much heavier population of 
quail prevailed in Davis County during the second winter of the investi-
gation, with a subsequent filling up of a greater number of the favor-
able coverts. 
It is interesting to note that on Areas 25 and 36 quail were known to 
have been hatched and reared near these coverts during the summer of 
1938. At Area 36 approximately the same number of quail was noted 
during the summer as remained during the winter. These facts suggest 
at times of low population density the presence or absence of quail at a 
given covert during the winter may not be determined by the favorable-
ness of cover as much as by quail reared in the immediate vicinity. 
During the first year of the investigation 20 coverts were kept under 
observation. Of these, seven, or 35 per cent, were vacant at the close of 
the season. The average age of the coverts was between 25 and 26 years. 
Fourteen of the 20 coverts were below the average age, and of these, six, 
or 42.8 per cent, were vacant. Of the older group of coverts, one, or 16.6 
per cent, was vacant. Expressed in another way it may be said that six 
of the seven, or 85. 7 per cent, of the vacant ones occurred in those below 
the average age class. 
During the second winter 49 coverts were kept under observation. 
Five, or 10.2 per cent, of these were vacant during the late winter. Those 
below the average age class, three of 26, or 11.5 per cent, were vacant, 
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while but 2 out of 23, or 8. 7 per cent, were vacant in the older group. 
Sixty per cent of the vacancies occurred in the younger age class group. 
Table 2 presents a summary of these various figures. All the coverts 
observed the first year are added to those that were observed the second 
year giving a total of 69 coverts. All percentages are figured on a basis 
of these 69 coverts giving average figures for both years' observation. 
TABLE 2. Summary of survival by age classes 
Number of Percentage Percentage Average quail to 
coverts vacant of vacancies unoccupied covert 
Coverts below 
average age .. 39 23.2 75 11.2 
Coverts above 
average age .. 30 10.0 25 14.8 
From table 2 it is apparent that not only did the greater percentage 
of vacant coverts occur in the younger group, but also that the older 
coverts had an average carrying capacity greater than the younger group. 
SUMMARY 
1. The research, concerned with the age classes of winter cover suitable 
to quail, was carried on over a two-year period in Davis County, Iowa. 
2. Weather conditions were similar and slightly above normal during 
the two years. 
3. Population of quail in the county as a whole appeared to be some-
what higher during the second winter . . Sixty-five per cent of the 
observed coverts were occupied the first winter, and 89.8 per cent 
were occupied the second winter. 
4. Variables such as food and roosting cover were reduced to a minimum 
by selecting for observation coverts which were adjacent to corn-
fields, but agronomic practices during the fall and winter produced 
unpredictable variations in these factors. 
5. From the data obtained it appeared that any age class of covert might 
be adequate for quail in winter if other factors are favorable, but that 
those coverts above the 24-28 year age class have a definitely greater 
use for quail. Over the two year period 75 per cent of the vacant 
coverts occurred in coverts below the average age class. The average 
number of quail in the younger group was 11.2 and the older group 
14.8. 
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Fig. 1. 
Fig. 2. 
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of Agriculture, 49 (1, 2, 11 and 12). 
1939. Climatological data, Iowa Section, in cooperation with the Iowa Dept. 
of Agriculture, 50 (1 and 2). 
PLATE I. 
Area 1. Cover compOlled principally of sprouts and tall weeds. 
Area 19. Cover at extreme right is somewhat older than the remainder. 
Area 36. Ungrazed, normally developed cover, along a deep gully. 
Area 44. Lightly grazed cover with good undergrowth. 
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HIGH-MOLECULAR-WEIGHT ALIPHATIC AMINES AND THEffi 
DERIV ATIVES1 
WM. I. HARBER 
From the Department of Chemistry, Iowa State College 
Received July 20, 1940 
With the recent trend in organic chemistry toward aliphatic chem-
istry, a larger number of entries is to be found in the field of high-mole-
cular-weight aliphatic amines. This increase results from the fact that 
these amines and their derivatives are finding wide application as emulsi-
fiers2, waxes8 , disinfectants and preservatives•, detergents6, textile acids6 , 
components of drying oils7 and color lakes8 • Also, this class of compounds 
has recently increased in importance since the production of fiber-forming 
polyamides ("Nylon") involves the use of aliphatic amines as building 
blocks9 • Further, the chemistry of high-molecular-weight aliphatic 
amines has recently attained a new importance in the isolation and deter-
mination of structure of natural products. Researches on the lichen sub-
stances10 and plant waxes11 have shown that high-molecular-weight 
aliphatic amines are isolated in degradation studies; consequently, this 
information makes it important that adequate derivatives exist for the 
identification of the amines. 
DISCUSSION 
The pioneer work of Ralston and co-workers12 on the direct ammo-
nolysis of high-molecular-weight aliphatic acids to nitriles was simplified 
by McCorkle18• These investigations led to further simplification of the 
apparatus with no loss in yields; in fact there was a slight gain. More-
over, the direct ammonolysis of aliphatic acids was extended to dibasic 
aliphatic acids with the preparation of sebaconitrile from sebacic acid. 
n-Octadecylamine was prepared by the procedure of Adam and 
Dyer14• The use of sodium and ethanol as a reducing agent was found to 
1 Taken in part from a thesis submitted to the Graduate Faculty in partial ful-
fillment of the requirements for the degree of Doctor of Philosophy in Chemistry, 
July/ 1940. Doctoral thesis number 590. 
U. S. patent, 2,146,280 (1939) [C. A. 33, 3495 (1935) ]. 
'English patent, 507,244 (1939) [C. A. 34, 557 (1940) ]. 
'Swiss patent, 192,997 (1937) [Chem. Zentr., I, 3799 (1938) ]. 
• French patent, 780,044 (1935) [ibid., II, 3723 (1935) ]. 
•German patent, 650,664 (1937) [ibid., I, 1497 (1938)]. 
' French patent, 814,698 (1937) [ibid., II, 3241 (1937) ]. 
'English patent, 460,147 (1937) [ibid., I, 5060 (1937)]. 
'U. S. patent, 2,130,947 (1938) [C. A. 32, 9497 (1938)]. 
10 Asahina, Y., "Fortschritte der Chemie Organischer Naturstoffe," Springer, 
Vienna (1939), Vol. II, p. 27. 
uBlount, Chibnall and Mangouri, Biochem. J., 31, 1375 (1937). 
uRalston, Harwood and Pool, J. Am. Chem. Soc., 59, 986 (1937). 
11 McCorkle, Doctoral Thesis, Reactions of High-Molecular-Weight Acid Deriva-
tives, library, Iowa State Callee (1938). 
"Adam and Dyer, J . Chem. Soc., 127, 70, (1925). 
[13) 
14 WM. I. HARBER 
involve no danger, since the reaction progressed moderately even at a 
reflux'temperature. In fact, it can be recommended as superior to the use 
of sodium and n-butyl alcohol16• The catalytic preparation of high-mole-
cular-weight aliphatic primary amines16 was extended to aliphatic di-
amines with the preparation of 1,10-decanediamine. 
High-molecular-weight aliphatic primary amines rapidly absorb car-
bon dioxide and moisture from the air to form the amine carbamate16• 
n-Dodecylammonium N-n-dodecylcarbamate was prepared from these 
reagents. It is essential, therefore, both in the preparation and reactions 
of these compounds, to avoid these contaminants. 
High-molecular-weight aliphatic primary amines were found to give 
urea derivatives with ease. The reaction of n-dodecylamine with carbon 
disulfide1 7, phenyl isothiocyanate and cx-naphthyl isocyanate required no 
special techniques, and gave corresponding thiourea and urea derivatives 
in compensating yields. Similarly, the reaction of n-octadecylamine with 
potassium cyan~te17, carbon disulfide and cx-naphthyl isocyanate pro-
ceeded with no difficulty. The success of the reactions of n-dodecyl- and 
n-octadecylamines with cx-naphthyl isocyanate was probably a result of 
the precautions taken to dry the apparatus18 • 
While high-molecular-weight aliphatic primary amines gave urea 
and thiourea derivatives with no difficulty, the secondary amines, as a 
result of their lower relative reactivity, required special techniques. 
Di-n-octadecylamine did not react at all with carbon disulfide to give 
the expected tetra-substituted thiourea. It reacted with potassium cyanate 
to give the unsymmetrical urea, but the amine hydrochloride had to be 
treated twice with the reagent. Di-n-octadecylamine reacted with phenyl 
isocyanate and cx-naphthyl isocyanate to give the corresponding urea de-
rivatives; yet di-n-octadecylamine did not react with phenyl isothiocya-
nate. It is probable that this reagent is much less reactive than the phenyl 
isocyanate. 
The desulfuration of N,N'-di-n-octadecylthiourea proceeded with sur-
prising ease for a compound of this molecular weight. It is an indication 
of the !ability of sulfur in this class of compounds. 
The acylation of amines is one of their most important reactions. It is 
not surprising, therefore, that various procedures have been worked out 
in which different reagents were used to special advantage. Some of the 
more important methods of acylation are: 
(a) RNH2 + R'C02H-R'CONHR + H 20 
(b) 2 RNH2 + R'COCI - R'CONHR + RHN2 • HCI 
( c) RNH2 + (R'CO) 20 - R'CONHR + RC02H 
( d) RNH2 + R'C02R" - R'CONHR + R"OH 
( e) RNH2 . HCI + R'COCI - R'CONHR + 2 HCI 
"" Hoyt, Doctoral Thesis, "The Phenomenon ·of Homology With Long-Chained 
Aliphatic Compounds,'' Library, Iowa State College (1940). 
1
• Flaschentriiger and Lachmann, Z. physiol. Chem., 192, 268 (1930) . 
" Jeffreys, Ber., 30, 898 (1897) ; Am. Chem. J. 22, 31 (1899). 
" French and Wirtel, J . Am. Chem. Soc., 48, 1736 (1926). 
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TABLE 1. Urea and thiourea derivatives of n-dodecyl-n-octadecyl- and di-n-
octadecylamines 
Nitrogen percentage 
Compound Formula M.p.°C. Yield• Calcd. Found 
N,N' -di-n-dodecylthiourea .. .. C.JI.,N,S 74.5- 75.0 72 6.80 6.37 
------
N-n-Dodecyl-N' -phenylthio-
urea .. ... . ..... . . . . . .. . . . . C10H.,N,S 69.5- 69.8 72 8.75 8.17 
N-n-Dodecyl-N' -ci-naphthyl-
ureab .... .... ........... .. C,.H..ON2 127.5-128.0 64 7.91 7.42 
N-n-Dodecylammonium N-n-
Dodecylcarbamate .... .... C,,H .. O,N, 85.5- 86.5 78 6.76 6.57 
N,N' -Di-n-octadecylthiourea .. C"H,.N.S 95.0- 96.0 80 4.83 5.06 
N,N' -Di-n-octadecylurea ..... C.,H,.ON, 112.0-112.5 87 4.96 4.79 
N-n-Octadecyl-N' -ci-naphthyl- C..H .. ON, 122.5-123.0 63 6.38 6.27 
ureab .... ....... .......... 
N,N-Di-n-octadecylurea ..... . C.,H,.ON, 65.0- 65.5 61 4.96 5.02 
N,N-Di-n-octadecyl-N' -phenyl-
urea .......... . .... . ...... C.JL.ON2 56.0- 56.5 84 4.37 4.17 
N N-Di-n-octadecyl-N'-ci-
' naphthylurea• . ... . ...... . C.,H .. ON, 54.0- 55.0 89 4.06 3.78 
•The majority of the compounds crystallized well from either absolute ethanol or 
95 percent ethanol. 
• The crystals were stored in brown bottles since they turned pink on exposure 
to air and light. 
It will be noticed at once that all the procedures are related in that an 
amine or its derivative is treated with an acid or its derivative to give the 
desired amide. 
Reaction (a) is most direct, for it involves the reaction of an amine 
and a carboxylic acid to give the amide and water. This reaction may 
be called "the direct condensation of amines and carboxylic acids." Pre-
vious investigators only treated low-molecular-weight aliphatic amines 
in this fashion. The reaction was either carried out as a two-phase process, 
that is, the amine was neutralized with the acid, and the salt then de-
composed by heat to the amide1 9, or as a one-phase reaction in which the 
reagents were heated in sealed tubes20 • 
It was found that the direct condensation could be applied to high-
molecular-we1ght aliphatic primary amines and carboxylic acids with 
surprising ease; a necessary procedure was to heat the reagents in an open 
vessel at a temperature (usually 250°) where the water was evolved 
readily in the form of steam. When a stream of nitrogen was passed over 
19 Wurtz, Ann., 76, 324 (1850); Hofmann, Ber., 15, 977 (1882). 
00 Franchimont and Klobbie, Rec. trav, chim., 6, 247 (1887); Tafel and Stern, Ber., 33, 
2232 (1900); Ruhoff and Reid, J. Am. Chem. Soc., 59, 401 (1937) . 
TABLE 2. Amides prepared by direct candensation of n-dodecyl- and n-octadecylamines and carboxylic acidsa 
Reaction 
time 
(min.) 
Nitrogen percentage 
Compound 
N-n-Octadecylbenzamide ... . . . . . ..... . .. . 
N-n-Dodecyl-m-toluamide ...... . ........ . 
N-n-Octadecyl-m-toluamide . .. .. . ....... . 
N-n-Dodecyl-o-toluamide .. .. . ..... . .... . 
N-n-Octadecyl-o-toluamide . . . ... . .. ..... . 
N-n-Dodecylanisamide . .. . ... .. .. . .. ... . . 
N-n-Octadecylanisamide . . .. ...... . ...... . 
N-n-Dodecyl-o-chlorobenzamide .. .... . .. . 
N-n-Octadecyl-o-chlorobenzamide . . . .... . 
N-n-Dodecyl-p-chlorobenzamide . ........ . 
N-n-Octadecyl-p-chlorobenzamide ...... . . 
N-n-Dodecylcinnamide ... . ........ . . . ... . 
N-n-Octadecylcinnamide" . . .... . . . . ...... . 
N-n-Dodecyllauramide" .. . ..... ... . . .. . . . . 
N-n-Octadecyllauramide . .. . .. . ... . . . . . . . 
N-n-Dodecylmyristamide . . .......... . . . . . 
N-n-Octadecylmyristamide ........ . ..... . 
N-n-Dodecylpalmitamide . . ... . . .. . .. .... . 
N-n-Octadecylpalmitamide ... ... .. . . . . . . . . 
N-n-Dodecylstearamide . ..... .. .. . ..... . . 
N-n-Octadecylstearamide . . . . .... . .. . . .. . . 
N-n-Dodecyloleamide . . . . ... . .. . ..... ... . . 
N-n-Octadecyloleamide . ..... . . ... . . . . .. . . 
N-n-Dodecylelaidamide . . ........ . . . ... .. . 
N-n-Octadecylelaidamide . .. . . . . . . . . ..... . 
8 the reactions were conducted at 250°. 
Formula 
C..H..ON 
C,oH.:,ON 
C.JL.ON 
C,oH.aON 
C.JL.ON 
C,oH.:,O,N 
C.JL,O,N 
C1.IL.ONCl 
C..H.20NCl 
C,JL.ONCl 
C,JL,ONCl 
C21H..ON 
C21IL.ON 
C,.IL.ON 
CsoH.,ON 
C..H..ON 
C..H.,ON 
C,.H.,ON 
C .. H...ON 
CsoH.iON 
C,,.H,.ON 
C..H..ON 
C..H110N 
C..H,.ON 
C..HnON 
M.p.°C. 
85.0-85.5 
47.0-47.5 
71.0-71.5 
55.0-55.5 
73.5-74.0 
87.5-88.0 
100.0-100.5 
61.0-61.5 
78.0-78.5 
77.0-78.0 
94.0-94.5 
73.0-73.5 
88.5-89.0 
77.0-77.5 
84.5-85.0 
83.0-83.5 
87.5-87.8 
82.0-82.5 
90.0-90.5 
84.0-84.5 
94.5-95.0 
49.0-51.0 
70.0-70.5 
73.5-74.0 
83.5-84.0 
60 
30 
45 
30 
30 
30 
30 
45 
45 
60 
25 
30 
120 
40 
60 
20 
60 
15 
30 
30 
30 
20 
15 
25 
20 
yieldb 
89 
57 
78 
72 
76 
69 
63 
60 
44 
58 
58 
55 
77 
77 
92 
79 
80 
85 
66 
77 
71 
50 
59 
83 
78 
b ethanol, dilute ethanol, acetone and dilute acetone were the most frequent crystallizing solvents. 
c mixed m.p. with an authentic specimen prepared from n-octadecylamine and benzoyl chloride (table 4). 
4 the reaction temperature was 200°. 
Calcd. Found 
4.62 4.36 
3.62 3.43 
4.62 4.34 
3.62 3.47 
4.38 4.24 
3.47 3.03 
4.33 4.07 
3.44 3.34 
4.33 4.10 
3.43 3.36 
4.44 4.24 
3.51 3.34 
3.79 3.48 
3.11 2.95 
3.54 3.18 
2.92 2.68 
3.31 2.98 
2.76 2.58 
e 
t 
3.12 
2.62 
3.12 
2.62 
3.01 
2.48 
2.68 
2.48 
emixed m.p. with an authentic specimen prepared from n-dodecylamine hydrochloride and stearoyl chloride (table 4) . 
t mixed m.p. with an authentic specimen prepared by B. A. Hunter from n-octadecylammonium stearate. 
! , 
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the heated reagents, the discoloring was minimized, and the product was 
obtained more readily in a colorless crystalline state. 
In this manner amides were prepared of n-dodecyl- and n-octadecyla-
mines with various aromatic acids. Thus, amides of benzoic, o-toluic, 
m-toluic and anisic acids were obtained in average yields of 72 per cent. 
Moreover, it was possible to extend the condensation to chloro-substituted 
benzoic acids. While the p-chlorobenzamides were prepared with no diffi-
culty, the o-chlorobenzamides were more difficult to purify (table 2). 
The direct condensation of amines and carboxylic acids worked ex-
tremely well with high-molecular-weight aliphatic acids. This result was 
an important synthetic improvement, since the preparation of the trouble-
some acid chlorides then became unnecessary. In this manner, the n-
dodecyl and n-octadecyl amides of !auric, myristic, palmitic and stearic 
acids were obtained in average yields of 78 per cent (Table 2). 
The direct condensation of high-molecular-weight aliphatic amines 
could be extended to unsaturated aromatic and aliphatic acids without 
isomerization of the latter. The n-dodecyl and n-octadecyl amides of trans-
cinnamic, cis-oleic and trans-elaidic acids were prepared in average yields 
of 67 per cent (table 2). 
The direct condensation of amines and carboxylic acids was success-
fully extended to aliphatic diamines. 1,10-Decanediamine reacted with an 
equivalent of !auric acid to give the dilauramide. 
An investigation of the mechanism of the direct condensation of 
amines and carboxylic acids showed that there was initial salt formation 
but under the general procedure adopted the salt was formed and imme-
diately decomposed to the amide. 
The direct condensation of amines and sulfonic acids was found to 
stop at the salt stage. The sulfonium salts were stable to heat, but like the 
ammonium salts had broad melting ranges (table 3). 
TABLE 3. p-Toluenesulfanic acid salts 
Nitrogen percentage 
Compound Formula M.p.°C. Yield Cal ed. Found 
---
n-Dodecylammonium 
p-toluenesulfonate ... ..... CioH:v.O,NS 100-137 87 3.92 3.77 
n-Octadecylammonium 
I p-toluenesulfonate ..... . .. C,JL,Q,NS 93-138 98 3.17 2.98 
The original Hinsberg technique21 was found to apply to high-molecu-
lar-weight aliphatic amines. The acylation of high-molecular-weight ali-
pathic amines with acetic, benzoic and phthalic anhydrides proceeded 
readily. The phthalimides were hydrolyzed with sodium hydroxide to 
the corresponding phthalmic acids (table 4). 
n Hinsberg and Kessler, Ber., 38, 909 (1905) . 
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n-Octadecylamine reacted immediately with diethyl oxalate, while 
the reaction with malonic ester required heating (table 4). The reaction 
with diethyl ethylmalonate gave no pure product. This was in line with 
the results of Franchimont and Klobbie22 on the effect of alkyl groups in 
the malonic ester molecule. 
TABLE 4. Amides prepared from acid chlorides• acid anhydridesb and estersc 
Nitrogen percentage 
Compound Formula M.p.°C. Yield Calcd. Found 
N-n-Octadecylbenzamidea .... C,..H.,ON 85.5- 86.0 43 3.75 3.98 
N-n-Dodecy lstearamidea ..... CooH.10N 84.5- 85.0 92 3.14 2.88 
N-n-Dodecylbenzene-
sulfonamide8 
············ ·· · 
C,J!,,O,NS 57.5- .58.0 67 4.31 3.72 
N-n-Octadecylbenzene-
sulfonamidea ............. C,,H.,O,NS 77.0- 77.5 68 3.42 2.95 
N-n-Dodecy lacetamideb ...... CuH2oON 53.5- 54.0d 45 6.17 5.84 
N,N-Di-n-octadecyl- 64 
benzamidea b ...... .. ..... C,.H •• ON 55.0- 56.0 86 2.37 2.29 
N-n-Dodecy lphthalimideb .... C,.H,.O,N 64.0- 64.5 68 4.47 3.80 
N-n-Dodecy lphthalamic acid'. C,.H.,OaN 87.o- 88.5• 89 e 
N-n-Octadecylphthalimideb ... C,..H.,O,N 79.0- 79.5 66 3.51 3.14 
N-n-Octadecylphthaamic acid'. C .. IL.OaN 90.5- 92.5• 89 3.36 3.26 
N,N' -Di-n-octadecyloxamide' CasH1o02N2 119.0-119.5 66 4.73 4.52 
N,N' -Di-n-octadecyl-
malonamide' .. ............ CaoH1s0 2N2 126.0-126.2 50 4.62 4.53 
•previously reported as a liquid b.p. 212-213 ° / 13 mm.; English patent, 458, 454 
(1937) [Chem. Zentr., I, 2867 (1937) ] . 
e previously reported to melt at 88°; U.S. patent, 2,101,323 (1937) [ibid., I, 2061 
(1938) ]. 
The value of pairs of derivatives of n-dodecyl- and n-octadecylamines 
was studied (table 5). It was found that in all the cases listed, with the 
exception of the a-naphthylurea derivatives, there was either a ~ked 
average lowering of the mixed melting point and/or a marked increa e in 
the melting point range. 
If the derivatives were arranged in order of decreasing value they 
would be as follows: (1) N-acetamides, (2) N-o-toluamides, (3) N-ben-
zenesulfonamides, (4) N-p-toluenesulfonamides, (5) N-anisamides, (6) 
N-cinnamides, (7) N,N'-phenylthioureas, (8) N-phthalimides, (9) N-
myristamides, (10) N-p-chlorobenzamides, (11) N-elaidamides, (12) N-
m-toluamides, (13) N-palmitamides, (14) N-stearamides, (15) N-laura-
mides and (16) N,N'-a naphthylureas. Although the largest depression 
"'Franchimont and Klobbie, Rec. trav. chim., 4, 195 (1885). 
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TABLE 5. Mixed melting points of n-dodecyl and n-octadecyl derivatives 
Average 
n-Dodecyl n-Octadecyl Mixed lowering 
Type compound m .p. °C. m.p.°C. ' m.p.°C. oc. 
N,N' -a-naphthylurea ... 127.5-128.0 122.5-123.0 121.5-123.0 3.5 
N,N' -Phenylthiourea .... 69.5- 69.8 86.0- 87.0" 69.0- 80.0 8.5 
N-Benzenesulfonamide .. 58.0- 58.5 77.0- 77.5 55.0- 59.0 12.5 
N-p-Toluenesulfonamide 73.0- 73.5 88.0- 90.5" 69.5- 74.0 11.5 
N-m-Toluamide .. ....... 47.0- 47.5 71.0- 71.5 55.0- 65.0 4.0 
N-o-Toluamide ......... 55.0- 55.5 76.5- 77.0 52.5- 61.0 13.5 
N-Anisamide ... .. ..... . 87.5- 88.0 100.0-100.5 82.5- 85.0 11.5 
N-p-Chlorobenzamide ... 78.5- 79.0 94.0- 94.5 76.0- 84.5 6.0 
N-o-Chlorobenzamide .. 62.0- 62.5 78.0- 78.5 53.5- 58.0 17.0 
N-Cinnamide ..... .. .... 73.0- 73.5 88.5- 89.0 70.5- 78.0 10.5 
N-Phthalimide 
··· ·· ···· · 
64.0- 64.5 79.0- 79.5 64.0- 75.0 7.5 
N-Acetamide .... ... ... . 53.5- 54.0 76.0- 77.5" 50.5- 52.0 14.5 
N-Lauramide ... ... ..... 77.0- 77.5 84.5- 85.0 73.0- 74.0 7.5 
N-Myristamide .... ..... 83.0- 83.5 87.5- 87.8 78.5- 82.0 7.0 
N-Palmitamide ... .... .. 82.0- 82.5 90.0- 90.5 81.0- 85.5 5.0 
N-Stearamide .. ... ..... . 84.5- 85.0 94.5- 95.0 83.5- 87.0 5.0 
N-Elaidamide .. .. ....... 83.5- 74.0 83.5- 84.0 72.5- 80.0 6.0 
• Specimens kindly supplied by F. W. Hoyt. 
occurred with the o-chlorobenzamides they did not crystallize with ease. 
This offset their advantage as derivatives. 
Several of the compounds prepared were found to be either soluble 
in water or have soap forming power. n-Dodecylamine hydrochloride and 
1,10-decanediamine dihydrochloride were soluble in water. n-Dodecyl-
ammonium p-toluenesulfonate was moderately soluble in water with the 
formation of a detergent solution. The n-octadecyl analog formed a soapy 
suspension when shaken with water. The sodium salts of N-n-dodecyl-
and N-n-octodecylphthalamic acids also had emulsifying properties. 
The compounds described in this paper were analyzed, with few ex-
ceptions, by the Kjeldahl method. The sample (0.5 g.) was digested with 
25 ml. of a selenium oxychloride solution made up by dissolving 8.0 ml. 
of selenium oxychloride in 992 ml. of concentrated sulfuric acid. More 
dilute solutions of selenium oxychloride gave low results. 
EXPERIMENTAL 
PREPARATION OF NITRILES 
The following procedure was used in the preparation of stearonitrile: 
In a 11. Claisen flask was placed 284 g. (1.0 mole) of purified stearic acid. 
The long neck carried a two-hole stopper which contained a glass inlet 
• 
20 WM. I. HARBER 
tube for the ammonia. This reached to the bottom of the flask. Through 
the other hole was inserted a thermometer also reaching to the bottom. 
The other neck of the flask was closed by a cork stopper while the dis-
tilling tube was left open for the escape of the ammonia. The distilling 
tube dipped into an empty beaker in order to catch the water and any 
material ejected over. The heating was done in a hood by means of a 
Meker burner. The flask was placed in a six-inch graphite bath, the large 
supporting ring of which was 8.5 in. from the ring stand. When the tem-
perature was approximately 150° the inlet tube was connected with the 
ammonia tank through a bubbler of mineral oil to observe the rate of 
flow of ammonia. To maintain an excess of ammonia a steady stream of 
bubbles was maintained. The presence of excess ammonia was detected 
at the outlet of the distillation tube by means of a cotton dauber moist-
ened with concentrated hydrochloric acid. The heating was conducted 
at 330° for 9 hours. The molten contents of the flask were transferred to 
a 11. Claisen flask with a 20 cm. fractionating column, and distilled under 
reduced pressure. It was found advantageous to place an asbestos guard 
around the distillation apparatus in order to exclude drafts. The nitrile 
boiled over a two degree range 185-187° /4 mm., with no forerun. The 
colorless distillate melted at 39-40°, and weighed 203-208 g. (77-78 per 
cent). 
During the heating the water which was evolved partly refluxed back 
onto the hot acid causing a mild and occasional seething. It was necessary 
occasionally to wipe the distilling tube with a flame to melt the small 
amount of material which collected there and which may prevent the 
smooth removal of the water. This was the only attention the reaction 
required once the temperature had been reached and the ammonia rate 
fixed. 
The product may be purified further by refluxing a short while with 
1 1. of 2 per cent potassium hydroxide in 50 per cent ethanol, followed 
by two reflux-washings with plain 50 per cent ethanol. Finally, it was 
crystallized from 2 1. of 95 per cent ethanol at 0° to melt at 41.0-42.0°. 
Lauronitrile (b.p. 130-136° / 3 mm.) was prepared similarly in 73 per 
cent yield by heating at 270-275° for 12 hours. In the preparation of seba-
conitrile (b.p. 168-170° / 3 mm., n0 25 = 1.4462) an ordinary distilling flask 
was used. Heating was conducted at 220° for 6 hours, and the yield was 
55 per cent. 
PREPARATION OF 1,10-DECANEDIAMINE 
To 16.4 g. (0.1 mole) of sebaconitrile in a Parr hydrogenation bomb 
was added 25 ml. of a Raney nickel suspension in petroleum ether (b.p. 
60-68°). Ammonia gas was introduced up to a pressure of 160 lbs./sq. in. 
and then 500 lbs./sq. in. of hydrogen. The bomb was rocked, and the 
temperature raised to 140°. This temperature was maintained for 30 min-
utes. The greatest decrease in pressure occurred as the bomb reached 
135°. By the time the temperature reached 140° there was no further 
decrease in pressure. The theoretical absorption of hydrogen took place. 
After cooling to room temperature, the bomb contents were taken up in 
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300 ml. of hot petroleum ether (b.p. 60-68°) and filtered hot from the 
catalyst. The solvent was removed, and the residue vacuum distilled. The 
apparatus was protected from carbon dioxide by attaching soda-lime 
towers at all outlets. The liquid boiled sharply at 122.0-123.0° / 4 mm. 
The yield was 10.6 g. (62 per cent). The colorless distillate solidified in 
the receiver. The product, when quickly manipulated into a capillary 
tube, melted at 61.0-61.56. The compound readily absorbed carbon dioxide 
from the air causing a rise in melting point. A sample of the amine after 
standing in an open container melted at 133-137°. 
1,10-Decanediamine has been reported23 to melt at 61.5°. 
MANIPULATION OF HIGH-MOLECULAR-WEIGHT PRIMARY AMINES 
It is imperative to avoid both carbon dioxide and moisture in the 
preparation. This has been done in several ways. One way is to convert 
the crude amine to the hydrochloride, and whenever free amine is re-
quired the calculated amount of calcium oxide is admixed with the hydro-
chloride, and the amine distilled in an apparatus containing soda-lime 
towers at all inlets. It is unwise to distil more than 250 ml. or an equiva-
lent weight of amine at one time since the vapors attack the rubber stop-
pers and give a yellow odorous distillate. The rubber stoppers must be 
pretreated with hot sodium hydroxide to remove any free sulfur, and just 
before use immersed in chloroform for a few minutes to dissolve out 
superficial impurities. 
The free amines may be stored in closely stoppered containers which 
are opened only for the short time required to weigh out a portion. Speed 
in manipulation is essential. For this purpose the amines should be man-
ipulated in a liquid condition. This is best obtained b,Y warming the con-
tainer in the water bath until the contents are molten. Two beakers are 
balanced and then placed on the hot plate. The container is removed from 
the water bath and the warm beakers replaced on the balance. Slightly 
more than the required amount of amine is poured into the beaker and 
enough withdrawn with a warmed medicine dropper to give the desired 
weight. The container is immediately stoppered, and the weighed molten 
amine poured into the reaction flask. 
PREPARATION OF AMINE HYDROCHLORIDES 
The following procedure illustrates the technique for the preparation 
of amine hydrochlorides: To a solution of 74.0 g. (0.4 mole) of n-dodecyl-
amine in 500 ml. of ethanol was added 68.0 g. (0.8 mole) of concentrated 
hydrochloric acid. The solution darkened and at 0° gave pinkish crystals 
which were washed with cold dilute ethanol. The colorless crystals melted 
at 181°. The yield was 62.0 g. (70 per cent). 
n-Dodecylamine hydrochloride has been reported to melt at 100° with 
decomposition 24• 
Anal. Calcd. for C12H28NC1: N, 6.32. Found: N, 5.98 . 
.. Phookan and Krafft, Ber., 25, 2252 (1892) . 
.. Lutz, Ber., 19, 1436 (1886). 
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PREPARATION OF PHENYLTHIOUREAS 
The preparation of N-n-dodecyl-N'-phenylthiourea will illustrate the 
procedure: To 14.8 g. (0.11 mole) of phenyl isothiocyanate in a 250 ml. 
Erlenmeyer flask was added 18.5 g. (0.1 mole) of n-dodecylamine. The 
reaction was exothermic, and a clear yellow liquid was formed. After a 
few minutes, the flask was immersed in an ice bath, and the flask turned 
so that the material solidified in a thin layer. This material was pulver-
ized and washed with 100 ml. of 50 per cent ethanol. A crystallization 
from ethanol at 0° gave fine colorless crystals melting at 69.5-69.8°. The 
yield was 23.0 g. (72 per cent). 
PREPARATION OF PHENYLUREAS 
The preparation of N,N-di-n-octadecyl-N'-phenylurea will illustrate 
the procedure: A 200 ml. round bottom flask was warmed in a Bunsen 
flame and closed with a stopper carrying a calcium chloride tube. In the 
cool flask was placed a solution of 5.2 g. (0.01 mole) of di-n-octadecylamine 
in 50 ml. of warm dry benzene, and 1.3 g. (0.11 mole) of phenyl isocyanate 
was washed in with small portions of the solvent. The solution was re-
fluxed for an hour, protecting against moisture by means of a calcium 
chloride tube. After removal of the benzene, a colorless residue was ob-
tained which melted at 52.0-54.0°. Crystallization from absolute ethanol 
gave colorless crystals which melted at 56.0-56.5°. The yield was 5.4 g. 
(84 per cent) . 
PREPARATION OF a-NAPHTHYLUREAS 
The preparation of N-n-dodecyl-N'a-naphthylurea will illustrate the 
general procedure: A 125 ml. Erlenmeyer flask was dried by heating in a 
Bunsen flame, then closed with a stopper carrying a calcium chloride tube. 
After cooling to room temperature, 9.2 g. (0.05 mole) of molten n-dodecyl-
amine was added, followed by the addition of 9.2 g. (0.055 mole) of a-
naphthyl isocyanate. The reaction was exothermic. After cooling to 
room temperature and pulverizing, the tan solid was crystallized from 
300 ml. of petroleum ether (b.p. 77-115°) . Repeated crystallization from 
ethanol gave colorless plates melting at 127.5-128.0°. The yield was 10.4 g. 
(64 per cent). 
PREPARATION OF N,N' -DI-N-OCTADECYLUREA 
In a 500 ml. three-necked flask equipped with a dropping funnel, re-
flux condenser and mercury-sealed stirrer was placed 4.5 g. (0.0077 mole) 
of N ,N'-di-n-octadecylthiourea dissolved in 150 ml. of hot absolute 
ethanol. The solution was stirred, and 2.87 g. (0.0169 mole) of silver 
nitrate solution was added. The latter solution was prepared by dissolv-
ing the silver nitrate in 5 ml. of water and adding 5 ml. of absolute ethanol 
just before use. The precipitation of silver sulfide was immediate. Also, 
some of the urea separated out. A solution of 0.95 g. (0.0169 mole) of 
potassium hydroxide dissolved in 20 ml. of 95 per cent ethanol was added, 
and the mixture refluxed with stirring for 30 minutes. It was then trans-
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ferred to a 1 1. Erlenmeyer flask, and enough absolute ethanol added to 
dissolve the product. It was filtered hot from the silver sulfide. The 
filtrate deposited colorless crystals which melted at 112.0-112.5°. The 
yield was 3.5 g. (87 per cent). 
DffiECT CONDENSATION OF AMINES AND CARBOXYLIC ACIDS 
The preparation of N,N'-decamethylenedilauramide will illustrate the 
general technique: In a 125 ml. Erlenmeyer flask was placed a mixture of 
5.2 g. (0.03 mole) of 1,10-decanediamine and 12.0 g. (0.06 mole) of !auric 
acid. A glass inlet tube was placed above the surface of the molten mix-
ture, and nitrogen passed in through a mineral oil bubble counter. After 
5 minutes, the flask was inserted in a metal bath held at 195°, maintaining 
a steady flow of nitrogen bubbles during the heating. In a short while 
there was some evidence of reaction. Volatilization and discoloration were 
slight. The heating was continued for 1 hour. After cooling to room tem-
perature, the tan solid was crystallized from absolute ethanol at 0° to 
give the constant melting point of 137.0-137.5°. The yield was 13.7 g. 
(85 per cent) . 
Anal. Calcd. for C34H680 2N2 : N, 5.22. Found: N, 4.96. 
MECHANISM OF THE DIRECT CONDENSATION OF AMINES AND CARBOXYLIC ACIDS 
To 6.0 g. (0.03 mole) of lauric acid in a 125 ml. Erlenmeyer flask was 
added 8.1 g. (0.03 mole) of n-octadecylamine, and the mixture placed in 
an oil bath at 65° for 15 minutes. The contents of the flask remained crys-
talline and colorless. In the next 20 minutes, the temperature was raised 
to 100°. The molten contents were agitated and cooled to room tempera-
ture. The colorless solid melted at 64.0-65.5° and weighed 14.1 g. The 
yeild was quantitative. A crystallization from petroleum ether (b.p. 
60-68°) gave colorless plates melting at 65.5-66.5°. A mixed melting point 
with an authentic specimen of n-octad cylammonium laurate melting at 
66.6-67.0°2G gave no depression. 
PREPARATION OF PHTHALMIDES 
The preparation of N-n-dodecylphthalinai,de will illustrate the pro-
cedure: To 24.4 g. (0.165 mole) of phthalic anhydride in a 500 ml. round 
bottom flask was added 27.8 g. (0.15 mQ}.e) of n-dodecylamine. A ther-
mometer was inserted in the reaction · and the contents heated at 
200° for 5 minutes. By this time the evolut f steam was complete. The 
molten mass was poured into a large evapo · g dish and turned so that 
the liquid solidified in a thin layer. The dull, ite solid melted at 58-60.5°. 
A portion of this was crystallized from ethanol and Norit at 0° to give 
colorless plates melting sharply at 64.0-64.5°. 
PREPARATION OF PHTHALAMIC ACIDS 
The preparation of N-n.-dodecylphthalamic acid will illustrate the 
procedure: To 30.0 g. (0.095 mole) of crude N-n-dodecylphthalimide in a 
.. Kindly supplied by B. A. Hunter. 
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large evaporating dish was added 500 ml. of 10 per cent sodium hydroxide, 
and the mixture heated on the water bath with frequent stirring for 1 
hour. Upon addition of 2 1. of distilled water a clear solution formed. 
Acidification with dilute hydrochloric acid gave a copious precipitate 
which was filtered and washed with distilled water. The colorless fine 
crystals melted at 87.0-88.5° with decomposition to the imide. 
PREPARATION OF N,N'DI·N-OCTADECYLMALONAMIDE 
To 8.8 g. (0.55 mole) of diethyl malonate in a 125 ml. Erlenmeyer 
flask was added 26.9 g. (0.1 mole) of n-octadecylamine. The flask was 
closed with a stopper carrying a soda-lime tube and inserted in an oil 
bath temperature of 110°. Heating was continued for 1 hour. The molten 
contents were transferred to a large evaporating dish and turned so that 
the liquid solidified in a thin layer. The product was crystallized from 
petroleum ether (b.p. 77-115°) and gave a poor melting point of 122.5-
123.50. To the solid in a 1 1. Erlenmeyer flask was added 400 ml. of 85 
per cent ethanol containing 10 ml. of concentrated hydrochloric acid. The 
mixture after refluxing a short while was filtered through a hot Buchner 
funnel and washed with hot 80 per cent ethanol. The product now melted 
at 125.5-126.5°. The yield was 15.1 g. (50 per cent). Crystallization from 
petroleum ether (b.p. 77-115°) raised the melting point to 126.0-126.2°. 
REACTION OF AMINE HYDROCHLORIDES AND ACID CHLORIDES 
The preparation of N-n-dodecylstearamide will illustrate the general 
procedure: In a 11. round bottom flask was p1aced 24.4 g. (0.11 mole) of 
n-dodecylamine hydrochloride. A solution of 30.2 g. (0.1 mole) of freshly 
prepared stearoy 1 chloride in 350 ml. of dry toluene was added, and the 
mixture refluxed for 24 hours. The condenser was capped with a calcium 
chloride tube. After cooling to room temperature, the solution crystal-
lized and was further cooled to 0°. The colorless crystals melted at 83.0°. 
A crystallization from ethanol at 0° gave a colorless crystalline solid with 
wax-like characteristics melting at 84.5-85.0°. The yield was 41.6 g. (92 
per cent). 
Anal. Calcd. for C30H610N: N, 3.14. Found: N, 2.88. 
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SUMMARY 
The ammonolysis of high-molecular-weight aliphatic acids to nitriles 
has been improved and extended to aliphatic dibasic acids. 
IDGH-MOLECULAR-WEIGHT ALIPHATIC AMINES AND THEIR DERIVATIVES 25 
1,10-Decanediamine has been prepared by catalytic hydrogenation 
of sebaconitrile. 
A series of urea and thiourea derivatives of n-dodecyl-, n-octadecyl-
and di-n-octadecylamines has been prepared. 
A general technique for the direct condensation of high-molecular-
weight aliphatic primary amines and carboxylic acids has been developed, 
and extended to high-molecular-weight aliphatic acids, substituted and 
unsubstituted aromatic acids and aromatic and aliphatic olefinic acids. 
The mechanism of this condensation has been described. 
The value of a number of compounds of the n-dodecyl and n-octadecyl 
series as derivatives has been determined. 
The condensation of n-octadecylamine and some aliphatic dibasic 
esters has been accomplished. 
The preparation of compounds of the n-dodecyl and n-octadecyl series 
either soluble in water or possessing detergent action has been success-
fully carried out. 
Some suggestions were made for the analysis of compounds of high 
molecular weight. 
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The Brazilian chicken bedbug, Ornithocoris toledoi Pinto (Cimicidae, 
Hemiptera), was described by Cesar Pinto in 1927 from specimens col-
lected in poultry houses in the vicinity of Limeira, Sao Paulo. In his de-
scription of the species, he cites the following characteristics (3). 
Length: ~ - 4.050 mm.; ~ - 4.400 mm. Width of abdomen: ~ -
2.050 mm.; ~ - 2.250 mm. General color brown. Head pyramid-shaped, 
500µ long by 750µ wide, including the eyes. Second antenna! segment 
longer than the third. Body covered with short hairs. Protonum trape-
zoidal, with two spines of unequal length inserted in the posterior angles. 
Elytra squamiform, with three or four spines near the apex. Eighth 
abdominal segment of the male almost symmetrical. Protibiae and meso-
tibiae shorter than the metatibiae, wider at the apex. Inner surface of the 
distal extremity of protibiae and mesotibiae provided with a distinctive 
organelle constituted of a tuft of slightly recurved fine hairs. (See A, 
Plate I.) 
Morais (2) in 1939 gives some additional morphological characters 
based on material collected in the state of Minas Gerais: Labrum with 
three symmetrical pairs of small spines; scutellum triangular, anterior 
margin almost straight, lateral margins slightly curved; tibial tuft present 
on fore and middle legs of the male; mesotibiae of the female without tuft; 
first abdominal segment indistinct; dorsal surface of second segment uni-
formly pilose; pilosity of segments 3 to 8 limited to posterior portions; 
apex of abdomen slightly asymmetrical. 
DISTRIBUTION 
Ornithocoris toledoi has been reported from two widely separated 
regions of Brazil. In addition to the original record from Limeira in the 
state of Sao Paulo, by Cesar Pinto in 1927, Carvalho verified the presence 
of this bedbug in poultry houses in the vicinity of Ponte Nova, Minas 
Gerais, in 1937 (1). At present the genus Ornithocoris includes only two 
species: 0. toledoi, parasite of Gallus domesticus, and 0. furnarii (Cor-
dero et Vogelsang, 1928), found in the nests of Furnarius rufus in Uru-
guay. In the opinion of Cesar Pinto, these species are probably identical 
(3). 
1 From the Escola Superior de Agricultura e Veterinaria do Estado de Minas 
Gerais, Vicosa, Brazil 
[27] 
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BIOLOGICAL STUDIES 
Very little of the biology of Ornicothoris toledoi has been reported 
since the description of the species. As this bedbug is a serious pest of 
chickens within its known geographic range, increased knowledge of its 
developmental cycle and habits will be of general interest to parasitolo-
gists, as well as of value in formulating practical measures for its control. 
In 1938, a number of specimens were collected in poultry houses near 
Ponte Nova and brought to the State University of Agriculture and Vet-
erinary Science of Minas Gerais, Vicosa, Brazil. From this original stock, 
a supply of several hundred individuals has been successfully maintained, 
under laboratory conditions, during 1939. The insects were reared in 
wooden or glass containers, screened to provide adequate ventilation. 
These cages were approximately 25x12x15 in., and large enough to 
allow free movements of host birds on which the bedbugs normally feed. 
Small pieces of wood, folded cardboard and bones were found to provide 
excellent conditions for deposition of eggs as well as ideal hiding places 
for nymphs and adults. 
Individuals under observation for copulation, egg counts, incubation 
period, stadia and ecdyses were confined in Petri dishes lined with filter 
paper and covered with cheese cloth. Practically all investigations were 
conducted under natural environmental conditions of temperature and 
relative humidity. Temperature and humidity records taken in the labora-
tory and in poultry houses were almost identical throughout the period 
of the investigations. The data presented are from laboratory studies sup-
plemented by observations made in infested poultry yards. 
HABITS: Nymphs and adults of Ornithocoris toledoi were found in 
chicken houses, and in various situations in the immediate vicinity of iso-
lated roosts when no adequate poultry houses were provided. Occur-
rences have been verified in the walls and other suitable hiding places in 
human dwellings where chickens were permitted to roost. Occupants of 
such houses report that they have suffered no inconvenience under these 
conditions, as this bedbug apparently does not feed on man. 
Hiding places in chicken houses are of the usual variety. The authors 
have found specimens in cracks between boards of walls, floors, ceilings, 
doors and windows; in small openings and in the joints of roosts and nest 
boxes; under nest boxes, loose boards, sacks, cans, trash, etc. In brick 
buildings, a few individuals were found in accessible chinks between the 
bricks of the walls, but the greater number seem to prefer the wooden 
parts of these constructions. In houses having brick walls and cement 
floors, most bugs were localized in cracks in the boards of nest boxes and 
roosts. 
Both nymphs and adults exhibit decided negative phototropism. This 
tendency to avoid both natural and artificial light, and the relatively small 
size of the insect, make discovery of the begbug slightly difficult, even in 
heavily infested poultry houses. 
FEEDING: Under natural conditions, Ornithocoris toledoi was found 
to feed only at night. However, when nymphs and adults had access to 
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host birds under laboratory conditions, some individuals were found on 
the host at practically any hour of the day. The same condition was ob-
served in chicken houses when the interior was artificially darkened dur-
ing the day. 
Preparatory to feeding, the bug either passes directly from the nest 
to the body of the chicken or crawls up the feet and legs from the roost. 
In most cases there is a preference for the more vascular regions of the 
host's body. Feeding punctures are evidently painful, as host birds show 
marked reactions coincident with the insertion of the mouth parts. The 
parasites remain in the feeding position from 6 to 12 minutes. After tak-
ing a meal, nymphs either fall from the host or, together with the adults, 
crawl down the legs of the bird and search out suitable hiding places. At 
this time they are swollen with blood, reddish in color, and decidedly 
less active. 
Feeding punctures sometimes provoke a slight hemorrhage, and• al-
ways cause hyperaemia of the attacked area. This latter symptom persists 
some 12 hours after the attack, then gradually disappears. 
Under experimental conditions, both adults and nymphs attacked and 
fed on turkeys, ducks and pigeons. Chickens, however, are the preferred 
host. When two birds were placed together in the breeding cages, the 
chicken was always attacked by the greater number of bedbugs, leaving 
the turkey, duck or pigeon practically unmolested. There was no appar-
ent preference between turkeys and ducks, while pigeons were least at-
tacked. No cases have been recorded in which nymphs or adults of Orni-
thocoris toledoi fed on man, either in infested chicken houses or, experi-
mentally, in the laboratory, even under starvation conditions. 
LIFE CYCLE: All developmental cycle data reported in the follow-
ing pages are from individuals permitted to feed on Gallus domesticus. 
Adults 
Adult bugs visited the host at 8 day intervals, with small individual 
variations. They stayed on the body of the bird from 9 to 13 minutes and 
remained in the feeding position for 8 to 12 minutes. Digestion of the meal 
was completed in 3 to 4 days. · 
Ornithocoris toledoi is apparently less resistant to unfavorable en-
vironmental conditions than Cimex lectularius or C. hemipterus. High 
mortalities were observed in slight excesses of heat and cold, and in trans-
porting the insects from one locality to another. This species also appears 
less able to survive long periods under starvation conditions. It was noted 
that males lived longer than females under normal conditions, and also in 
the absence of food. 
Mating 
No cases of copulation were recorded among adult bugs which were 
not permitted to feed after the fifth molt. Apparently a meal of blood is 
essential before mating can take place. The act of copulation usually oc-
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curred within a 5 minute interval immediately following termination of 
the feeding period. When a number of recently fed adults of both sexes 
were confined in a small cage, more than one male attempted to mate with 
a single female at the same time. In copulation, the male mounts the 
female from behind, maintains his position by holding the female with his 
legs, and inserts the phallus in the triangular copulatory pouch located 
in the posterior margin of the fourth abdominal sternite ["organ of Ribaga 
and Berlese" of some authors- (3)]. Copulation lasts from 2 to 5 min-
utes. The male immediately leaves the female and searches out a suitable 
hiding place, while the female remains stationary for a short time. 
As observed in these studies, females mated only once and were in-
accessible to the males thereafter. 
Egg Laying 
Egg laying begins 5 to 8 days after copulation. Most eggs were de-
posited in cracks in or between boards, when such places were available. 
Eggs are laid in small groups of 2 to 4 in the form of a sticky mass which 
is securely glued to the surface of the wood. An average of four separate 
deposition periods (with variations from 2 to 6) was observed under 
laboratory conditions. Egg laying continued during 24 to 36 hours, with 
a normal range of 8 to 14 eggs during this time. Deposition periods were 
spaced at 6 to 10 day intervals with an average of 8 days between periods. 
The mean number of eggs per female was 46, with large individual varia-
tions ranging from 8 to 7 4. 
The eggs of Ornithocoris toledoi are roughly oblong in shape, measur-
ing approximately 700 µ in length by 370 µ in width at the widest diameter. 
(See B, Plate I.) When newly laid they are yellowish-white in color but 
soon darken as the development of the embryo progresses, and appear 
brown or light brown immediately before hatching. The shell is quite 
hard and resistant, and is provided with a distinct operculum. 
Observations showed that a meal of blood is necessary between depo-
sition periods if normal oviposition is to take place. This meal is usually 
taken immediately after completion of the preceding deposition period. 
To verify the relation between feeding and deposition, two groups of adult 
females that had initiated egg laying were not allowed to visit the host 
and were confined under starvation conditions. A few eggs were laid at 
irregular intervals, but no definite deposition periods occurred, in contrast 
to other groups which had free access to host birds and continued egg 
laying at well defined intervals. 
Upon completion of the last definite deposition period, females lived 
from 3 to 7 months, visiting the host at increasingly longer intervals and 
remaining less time in the feeding position. A few eggs appeared at ir-
regular intervals, but these were usually laid separately and were appre-
ciably smaller than normal. 
Incubation 
The average incubation period as observed under laboratory condi-
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tions (mean temperature 20.5° C., mean relative humidity 80 per cent) 
was 71h days, with a normal range of 5 to 10 days. These conditions were 
practically identical with field conditions of temperature and relative 
humidity measured in the aviary during the same period. 
The influence of temperature on length of incubation period is indi-
cated by results of preliminary experiments. Various egg samples, placed 
in a constant temperature cabinet maintained at 25° C. and 80 per cent 
relative humidity, hatched in 110 to 120 hours, with no significant differ-
ence between means of incubation times at this temperature. Further 
investigtaions are now in progress to determine optimum and lethal tem-
peratures for the eggs of Ornithocoris toledoi. 
In hatching, (See C, Plate I) the young nymph forces open the oper-
culum by exerting pressure with the cephalic region of the body. Recently 
hatched bugs usually remain near the egg mass, at times forming agglom-
erations of nymphs, shells and eggs. A few hours after hatching, the small 
nymphs search out suitable places of concealment, where they remain 
hidden until ready to take their first meal. 
Nymphs 
The young nymphs are yellowish-white in color, with legs and an-
tennae disproportionately long in relation to the length and width of the 
body. In general appearance (Figure 1), they are similar to minute whit-
ish mites. A short description of the first instar nymph follows: length, 
0.853 -+- 0.01 mm.8 ; width of abdomen, 0.443 -+- 0.008 mm.; diameter of the 
head, 287-290µ; antenna! index 4-2-3-1 (from longest to shortest segment); 
antennae pilose, with definite rows of small spines; clypeal suture indis-
tinct; clypeus with a large spine in the anterio-lateral angles; eyes distinct 
and relatively large; thoracic tergites with a long spine in the posterio-
lateral angles; pronotum with two rows of small spines, one anterior. the 
other posterior; mesonotum and metanotum with a single transverse row 
of spines close to the posterior border; legs marked with definite rows 
of small spines; tibial tufts absent in both sexes; tarsi 2-segmented: tarsal 
claws relatively large; abdominal segments with a transverse row of 
spines; last abdominal segment with two pairs of long spines. 
Under laboratory conditions, a number of first instar nymphs fed on 
the host within a few hours after hatching. However, under natural con-
ditions, young nymphs did not visit the host until 20 to 28 hours after leav-
ing the egg. Duration of the first nymphal feeding period is from 5 to 6 
minutes. At the end of this period the ingested blood gives the nymph a 
reddish color; the abdomen is greatly swollen; and the young hues fre-
quently fall from the body of the host. Individuals which were allowed 
to feed immediately after hatching visited the host twice during the first 
stadium. Others, kept one to three days without food, took a sinele meal 
before molting. 
Three to 4 days are necessary for digestion of a meal. During this 
' Standard error. 
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period, fecal pellets are passed frequently, and the nymph gradually loses 
the reddish color. The average duration of the first stadium (at 20° C. 
and 80 per cent relative humidity) was 6 to 7 days. Variations ranging 
from 4 to 9 days were the general rule, but slightly longer periods were 
recorded for a few individuals. 
In the majority of cases, a white spot appears at the posterior ex-
tremity of the abdomen some 24 to 48 hours preceding the first molt. The 
body gradually assumes a general whitish color; the exoskeleton ruptures 
in the region of the head capsule; and the second instar nymph slowly 
emerges. The process of leaving the exuvium usually necessitates ap-
proximately 24 hours in all ecdyses. 
Fig. 1. Drawing of first instar nymph 
of Ornithocoris oledoi. 
Fig. 2. Drawing of second instar fe-
male nymph. 
Second instar nymphs (figure 2) measures 1.665-+- 0.009 mm. in 
length by 0.915 -+- 0.085 mm. in width of abdomen. The diameter of the 
head varies from 330 to 369 µ. Second instar nymphs differ from the pre-
ceding instar in having the clypeal suture distinct, and in possessing tibial 
tufts on the prothoracic legs of the female and on the prothoracic and 
mesothoracic legs of the male. This second stage also visits the host one 
or two times, depending on the time of first feeding. Individuals that fed 
soon after ecdysis usually returned to the bird three or four days later 
for a second meal. Duration of the second stadium was 6 to 7 days under 
laboratory conditions, with variations ranging from 5 to 14 days. 
Third instar nymphs are appreciably more active, but greatly re-
semble the preceding instar in general appearance. The body measures 
1.906 -+- 0.033 mm. in length and 1.051 ± 0.022 mm. in width of abdomen. 
The width of the head capsule varies from 471 to 490 µ. Under laboratory 
conditions, all third instar nymphs fed at least twice, while a number of 
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individuals visited the host three times before molting. The average dura-
tion of the third stadium was 6 to 8 days, with a normal range from 5 to 
14 days. 
Fourth instar nymphs measure 2.369 + 0.085 mm. in length by 
1.474-+- 0.057 mm. in width of abdomen. The diameter of the head capsule 
varies from 512µ to 530µ. The fourth and fifth stadia averaged 6 to 8 days, 
with variations ranging from 4 to 13 days. Nymphs of these instars visited 
the host two or three times in each stadium. The last instar nymph meas-
ures 3.528 -+- 0.071 mm. by 2.126 -+- 0.018 mm., with head capsule measure-
ments varying from 676µ to 685µ. In some cases the second tarsal suture 
was distinctly apparent in the fifth instar, while in others the tarsi did not 
appear 3-segmented until the fifth molt. Adult bugs (figure 3) are easily 
distinguished from late instar nymphs by the presence of the rudimentary 
whitish elytra. 
lmm 
Fig. 3. Drawing of adult female of Ornithoccn-is toledoi. 
The average difference in diameter of head capsule between nymphs 
of succeeding instars was found to be 0.81. This factor was used in deter-
mining instars and in verifying ecdysis counts. 
Table 1 summarizes preliminary data recorded from studies on the 
life history of Ornithocoris toledoi. 
DISCUSSION 
Although the geographic distribution of Ornithocoris toledoi, as 
shown by existing records, includes only two widely separated localities, 
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it is thought that the insect is more widely distributed than these records 
indicate. It is a serious pest of chickens within its known range. The 
presence of this parasite in poultry houses is accompanied by large de-
creases in egg production and apparently by increased susceptibility to 
disease. 
Further studies on the biology and ecology of this insect are now in 
progress, together with experiments in the relative efficiency of various 
chemical control measures. The possible role of Ornithoc<Yris toledoi as a 
disease vector is also being investigated. 
TABLE 1. Summary of developmental stages of Ornithocoris toledoi 
Stage, Size Duration 
Feeding 
instar of stage, Number Interval 
or Length Width Diameter instar or of 
period of head period meals 
Egg 700µ 370µ 
-
7.5 days 
- -(5-10) 
1st Instar 0.853± 0.443± 287-290µ 6.5 days 1-2 4-8days 
O.OlOmm. 0.008mm. (4-9) 
2nd Instar 1.665± 0.915± 330-369µ 6.Sdays 1-2 4-7 days 
0.009mm. 0.085mm. (5-14) 
3rd Ins tar 1.906± 1.051± 471-490µ 7.0days 2-3 3-5 days 
0.033mm. 0.028mm. (5-14) 
4th Instar 2.369± 1.474± 512-530µ 7.0 days 2-3 3-5 days 
0.085mm. 0.057mm. (4-13) 
5th Ins tar 3.528± 2.126± 676-685µ 7.0days 2-3 3-5 days 
0.071mm. 0.018mm. (4-13) 
Hatching- - - - 34 days 8-13 3-8days 
Adult (22-63) 
Adult 4.0SOmm.- 2.050mm.- 758-772µ 3-9mos. Variable 7-lOdays 
4.400mm. 2.250mm. 
5th Molt to - - - 8.0days 1 -
deposition (7-9) 
Life cycle - - - 48 days 9-14 3-lOdays 
(36-85) 
SUMMARY 
This paper reports results of preliminary studies on the biology of the 
Brazilian chicken bedbug, Ornithoc<Yris toledoi Pinto, a serious pest of 
chickens in Limeira, Sao Paulo, and in Ponte Nova, Minas Gerais, Brazil. 
Under experimental conditions this insect also fed on turkeys, ducks and 
pigeons, but did not attack man. Data reported include description of the 
egg, nymphs and adults; feeding habits; mating; deposition; incubation 
time; and duration of stadia. 
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PLATE I 
A, Photomicrograph of tibio-tarsal articulation, showing tibial tuft (400x) on 
prothoracic leg of adult male of Ornithocaris toledoi. B., Drawing of 48-hour egg. 
C, Photomicrograph of 7-day eggs, showing escaping nymphs (72x). 
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In a previous communication from these laboratories (1) preliminary 
studies were presented on the oxidation of i-inositol by means of Aceto-
bacter suboxydans, and it was stated that "it was thought that if this 
compound (i-inositol) could be biologically oxidized to ketone com-
pounds, which might exist in reversible oxidation-reduction systems, 
some light might be thrown upon its role as Bios I." The authors found 
that the culture could not be transferred beyond the third transfer in an 
inositol yeast extract medium. However, the addition of as little as 0.1 
per cent of sorbitol to the medium permitted indefinite subculture and 
oxidation of the inositol. Results, to date, indicate the oxidation product 
to be principally a diketo-i-inositol. The complexity of the problem of 
positive identification of the ketoses is seen from the fact that there exists 
the possibility of 4 monoketo-i-inositols and of 9 diketo-i-inositols. Paster-
nak (7) described the preparation of a monoketo-inositol by the oxida-
tion of i-inositol with nitric acid and gave the name inosose to the com-
pound. Recently Kluyver and co-workers (5) (6) claim the production 
of inosose by the action of Acetobacter suboxydans upon i-inositol. None 
of the authors of this study attempted an identification of inosose among 
the three possible monoketo-i-inositols. The compound prepared in our 
laboratories is not inosose. It is possible that the differences in the results 
in our work and that of Kluyver lie in the use of different media, of a 
slightly different variety of the organism or a combination of both factors. 
Work is in progress to resolve the discrepancies just mentioned. 
The present communication deals with studies on the development 
of optimum conditions for the oxidation of i-inositol, especially with the 
role of sorbitol and other compounds in the oxidation. 
METHODS 
The culture of Acetobacter suboxydans was obtained from the Ameri-
can Type Culture Collection listed as No. 621. The stock cultures are 
carried on 5 per cent sorbitol (or glycerol)-0.5 per cent yeast extract 
(Difeo) agar slants. In several years experience with the culture no sig-
nificant variations in growth or chemical action have been noted. In the 
work to be described the stock culture was transferred to a 10 per cent 
sorbitol-0.5 per cent yeast extract medium and kept active by transferring 
•This work was supported ~fi.:1 by a grant from the Industrial Science Research 
Institute for the fermentative ut· · tion of agricultural products. 
(39] 
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each 3 days to a fresh medium. The medium will hereafter be referred to 
as the Basal Sorbitol Medium. The Basal Inositol Medium contained 3 
per cent i-inositol, 0.05 per cent sorbitol and 0.5 per cent yeast extract; this 
medium permitted indefinite subculture of the organism. The Test Inositol 
Medium contained 3 per cent i-inositol and 0.5 per cent yeast extract. 
Inoculations were made by adding 0.4 ml. of an active culture to each 
10 ml. of medium in 125 ml. Erlenmeyer flasks. The medium was sterilized 
for 30 minutes at 20 lbs. steam pressure. The incubation temperature 
was 28°C. Fulmer, Dunning, Guymon and Underkofler (2) and Under-
kofler and Fulmer (9), in their studies on the production of sorbose and of 
dihydroxyacetone, noted that disturbing the cultures materially reduced 
yields. The same phenomenon was noted with the oxidation of inositol. 
Therefore, the technique of these authors was adopted and each analysis 
was made on a separate flask. 
The course of the oxidation of the i-inositol was followed by use of 
the Shaffer-Hartmann (8) method. Since sorbose is formed in all cases 
involving the presence of sorbitol, the sorbose factor (1.25) was used to 
obtain comparative values and to correct for sorbose formed. That is, the 
ketose formed from the i-inositol is calculated as sorbose and the results 
listed in the tables simply as ketose. In each case in which sorbose might 
be present, the correction assumes a 100 per cent conversion of the sor-
bitol. 
EXPERIMENTAL 
PRELIMINARY 
A three-day culture of Acetobacter suboxydans, grown on 50 ml. of 
the basal sorbitol medium, was filtered through a sterilized Berkefeld 
filter into a sterile suction flask. The filtrate was aseptically removed to a 
flask and used as inoculum B. The cells retained by the filter were washed 
several times with sterile physiological salt solution until completely 
freed from the medium. The washed cells were then suspended in 50 ml. 
of sterile salt solution and used as inoculum A. One ml. of a mixture of 
A and B was employed as inoculum C. Inoculum D consisted of another 
undisturbed culture. One ml. of each of the inocula was introduced into 
Medium I and Medium II, the composition of which, together with yields 
of ketose after 26 days incubation, are given in table 1. It is evident that 
TABLE 1. Comparison of different inocula 
(Grams "ketose" per 100 ml. of medium after 25 days) 
Inoculum Medium I 
A. Washed cells 2.75 
B. Filtrate ... . ... . .. . .... . . . ......... . ............. . 0 
C. Washed cells + filtrate . ..... ...... .... . .. . .... . 2.55 
D. Culture ... ... .. . ... .. .. .. .. . .. . .... .. . .. .. .... . . 2.43 
Medium I-5 g. i-inositol, 0.1 g. sorbitol, 0.5 g. yeast extract per 100 ml. 
Medium Il-5 g. i-inositol, 0.5 g. yeast extract per 100 ml. 
Mediumil 
0 
0 
2.70 
2.80 
OXIDATION OF I-INOSITOL 41 
the washed cells are unable to oxidize the inositol in the absence of the 
filtrate, the filtrate itself being inactive. The results show that residual 
sorbitol, or a product derived therefrom, was required for the organism 
to oxidize the inositol. 
In order to further test the action of the medium-free cells upon the 
inositol, 15 ml. of a three-day culture of the organism, grown on the basal 
sorbitol medium, were centrifuged at 1500 RPM in a sterile 20 ml. centri-
fuge tube. The cells were then suspended in sterile salt solution and re-
centrifuged until free from the medium and then suspended in sterile 
distilled water. One ml. of this suspension was used to inoculate a basal 
sorbitol medium and a test medium. The remaining 13 ml. were trans-
ferred to a flask in which 10 ml. of test medium had been allowed to 
evaporate to dryness at room temperature. Only the sorbitol medium 
supported growth; that is, even a massive inoculation of the medium-
free cells was unable to oxidize the inositol. These results indicate that 
the · organism is capable of oxidizing the inositol only when actively 
growing in the undisturbed culture. 
THE EFFECT OF VARYING CONCENTRATIONS OF SORBITOL 
In table 2 are presented data showing the effect of varying concen-
trations of sorbitol upon the yield of ketose. The inocula consisted of 
medium-free cells prepared by centrifugation and washing as described 
in the foregoing paragraph. While there is some action in very low con-
centrations, the data show a distinct drop in yield below 0.025 per cent 
sorbitol. 
TABLE 2. Effect of concentration of sorbitol upon yield of ketose (g. per 100 ml. 
of medium) 
Sorbitol, g. 
Days 
per 100 ml. 1 2 3 4 5 6 
0.100 . . .. 0.52 1.42 ... . 1.43 1.40 
0.075 . ... 0.47 1.37 1.42 1.45 1.45 
0.050 .... 0.46 1.10 1.46 1.45 1.45 
0.025 . ... 0.26 0.74 1.02 1.31 1.34 
-
0.010 0.03 0.07 0.20 .... 0.35 0.38 
0.001 0.08 .... 0.15 .... 0.17 0.18 
0.0001 0.04 .. .. 0.o7 . ... 0.06 0.09 
Since many inoculations of the above type would be necessary in sub-
sequent work, experiments were undertaken to develop a medium con-
taining sufficient sorbitol for continuous subculture but insufficient to 
permit the oxidation of the inositol in the test medium, when transferred 
to it. The above requirement was met by the use of 0.05 per cent of 
sorbitol. Results with inocula so prepared were identical with those ob-
tained with the centrifuged and washed cells. This basal inositol medium 
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contains, per 100 ml., 3 g. i-inositol, 0.05 g. sorbitol and 0.5 g. yeast extract 
(Difeo) . 
DEVELOPMENT OF THE OPTIMUM MEDIUM 
In table 3 are. given data showing the effect of varying surface-volume 
ratios upon the yield of ketose in the basal inositol medium. By surface-
volume ratio is meant the square centimeters of surface per 100 ml. of 
medium. While the ratio, in the range studied, does not markedly influ-
TABLE 3. Effect of surface-volume ratio upon yield of ketose on basal inositol medium 
Days 5.10 2.83 
1 0.21 0.22 
2 0.54 0.74 
3 0.82 1.08 
5 1.36 1.37 
7 1.42 1.51 
Surface-volume ratio 
1.95 1.15 
0.20 0.20 
0.80 0.89 
1.13 1.27 
1.34 1.44 
1.51 1.53 
0.94 
0.19 
0.68 
1.28 
1.36 
1.51 
0.65 
0.15 
0.59 
1.05 
1.2 
1.3 
4 
6 
ence final yields, it is interesting to note that the rate of action is at a 
maximum at a ratio of 1.15. This result is surprising in view of the fact 
that in other oxidations by this organism studied in these laboratories, the 
rate of reaction increased with increasing surface-volume ratio. 
The pH of several portions of the basal inositol medium was adjusted 
to several values by the use of either sodium hydroxide or of hydro-
chloric acid. The pH of the medium, as prepared, was 6.1. The pH of the 
media was determined again after sterilization. Since the pH changed 
somewhat during sterilization, the pH values listed in table 4 are those 
determined after sterilization. It is evident that pH values from 5.2 to 6.5 
have very little influence upon the rates or final yields; pH values above 
TABLE 4. Effect of pH upon yield of ketose on basal inositol medium 
pH (after sterilization) 
Days 4.3 5.2 5.3 6.1 6.5 7.0 7.6 
1 .... 0.12 0.08 0.19 0.23 0.03 0 
2 0.o7 0.93 0.79 0.86 0.90 0.45 0 
3 0.10 .. .. .. .. . ... 1.18 . ... 0.08 
4 .. .. 1.30 1.31 1.25 .... .... . ... 
5 0.26 1.34 1.35 1.34 1.40 1.21 0.15 
pH (5 days) 4.8 5.5 5.2 5.7 5.8 6.2 5.8 
Change in pH +o.5 + o.3 -0.1 -0.4 -0.7 -0.8 -1.8 
pH before 
sterilization 4.0 5.1 5.4 6.1 6.8 7.1 7.6 
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and below the above range tend to decrease yields. The changes in pH, 
during fermentation, show interesting trends; the highly acid media tend-
ing to become more alkaline while the highly alkaline media became 
more acid. All pH values tend to converge in the range of 5.1 to 5.8 with 
an average of 5.4. This phenomenon is receiving further study. 
Since the pH values tend to converge at about 5.4, it was thought that 
the presence of an acid salt might increase the rate of oxidation. However, 
the data in table 5 show that while concentrations of primary potassium 
phosphate, up to 1 per cent, do not affect the final yields of ketose, the 
TABLE 5. Effect of concentration of KH.PO, upon the yield of ketose 
Grams KHJ>Q, per 100 ml. of mediwn 
Days 0.000 0.100 0.300 0.600 0.800 1.000 
1 0.33 0.32 0.20 0.16 0.11 0.06 
2 1.38 1.31 1.16 0.84 0.67 0.52 
5 1.37 1.37 1.32 1.40 1.40 1.40 
7 1.40 1.42 1.42 1.42 1.42 1.42 
initial rate of oxidation is markedly decreased by increasing concentra-
tions of the salt. It is possible, however, that the phosphate ion itself 
played a part in the above phenomenon. The data in table 6 show that 
low concentrations of sodium chloride decrease both the rate of oxidation 
and final yield of the ketose. 
TABLE 6. Effect of concentration of NaCl upon yield CY/ ketose 
Grams NaCl per 100 ml. of medium 
Days 0.00 0.01 0.05 0.10 0.30 
1 0.33 0.25 0.21 0.13 0.00 
2 1.38 1.36 1.31 0.92 0.26 
5 1.37 1.38 1.32 1.30 0.90 
7 1.40 1.39 1.38 1.37 1.26 
The rate of oxidation increases with increasing concentrations of 
yeast extract (table 7) but the final yields are not appreciably affected. 
While the highest yield of ketose is obtained with 5 per cent inositol 
(table 8) the percentage conversion is somewhat less than with 3 per cent 
of the substrate. At concentrations of inositol higher than 5 per cent both 
the actual and percentage yield are materially decreased. 
The above results indicate the most desirable cultural conditions to 
be 3 per cent inositol, 0.05 per cent sorbitol, 0.5 per cent yeast extract, 
pH = 6.1, a surface volume ratio of 2.83 and an incubation temperature 
of 28°C. 
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EFFECT OF SUBSTRATES OTHER THAN 80RBITOL 
It was shown that small concentrations of sorbitol in the medium 
permit the indefinite subculture of the organism on an i-inositol medium. 
The following compounds were tested in substitution for the sorbitol: 
ascorbic acid, erythritol, dextrose, glycine, glycerol, mannitol, ethanol 
and the calcium salts of acetic, fumaric, glutaric and succinic acids. The 
TABLE 7. Effect of concentration of yeast extract upon yield of ketose 
Grams yeast extract per 100 ml. of medium 
Days 0.10 0.30 0.40 0.50 1.00 
1 0.19 0.25 0.28 0.33 0.45 
·-
I------
2 0.75 1.11 1.34 1.38 1.48 
5 1.36 1.33 1.31 1.37 1.42 
7 1.36 1.38 1.36 1.40 1.46 
substrates were employed at 0.5 per cent concentration. Only those 
media containing erythritol, dextrose, glycerol and mannitol exhibited 
growth and the oxidation of the i-inositol. Varying concentrations of the 
above substrates were then tested and the results were quite similar to 
those obtained by the use of sorbitol. Evidently all the substances studied 
which are readily dissimilated by the organism also serve the same role 
as does sorbitol in the fermentation of the i-inositol. 
TABLE 8. Effect of concentration of i-inositol upon the yield of ketose. Ketose 
expressed as grams per 100 grams of inositol 
Grams inositol per 100 ml. of medium 
Days 1.00 3.00 5.00 7.00 10.0 
1 25 11 4 1 0 
2 46 46 18 5 9 
5 46 46 37 16 9 
7 46 46 43 24 11 
EFFECT OF SORBITOL UPON SUBSTRATES OTHER THAN I-INOSITOL 
Results in these laboratories confirmed the findings of others that 
Acetobacter suboxydans does not oxidize dulcitol, rhamnitol or rhamnose 
as sole substrates. Various concentrations of sorbitol were added to media 
containing varying amounts of the above compounds. In no case did the 
amount of reducing compound exceed that calculated as produced from 
the sorbitol. That is, while the presence of sorbitol in the medium per-
mits the oxidation of i-inositol, it does not serve this function with dulcitol, 
rhamnitol or rhamnose. 
Varying concentrations of sorbitol were added to media containing 
varying amounts of erythritol, glycerol or mannitol, substrates known to 
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be readily oxidized by the organism. In no case did the sorbitol stimulate 
the oxidation or alter the optimum concentrations of the three poly-
hydric alcohols. 
In the early phases of this work it was thought that the action of the 
sorbitol might be associated with a metabolic product derived therefrom, 
that is, a type of growth factor permitting the organism to develop en-
zyme systems capable of oxidizing the inositol. However, experiments 
involving the addition of fermented sorbitol media showed the stimula-
tion to be proportional to the amount of remaining unfermented sorbitol. 
Several gallons of molasses from submerged growth sorbose fermentations 
were kindly furnished by the Ames Station of the U.S. D. A. Agricultural 
By-products Laboratory. Any metabolic factor associated with the above 
phenomenon should be highly concentrated in this material. However, 
as found above, the stimulation was again proportional to the unfer-
mented sorbitol. Sorbose had no stimulating effect upon the oxidation. 
Similar results were obtained with other substrates which could be substi-
tuted for the sorbitol in the inositol fermentation. These findings indicate 
that the adjuvant materials simply serve as sources of assimilable carbon 
permitting the organism to multiply and oxidize the inositol. 
It is noteworthy that while certain chemicals permit the dehydro-
genation of i-inositol they do not function similarly with dulcitol, rhamni-
tol or rhamnose. This apparent selectivity is receiving further study. 
Either the oxido-reductase system responsible for the dehydrogenation 
is transitory in nature, since the proliferating cell seems necessary for its 
functioning, or the system of reactions involved is a manifestation, of that 
"perfect harmony" which Kluyver (1931) says "is the exclusive preroga-
tive of the living cell." 
The polyhydric alcohols studied thus far in these laboratories fall into 
four classes in regard to the relation of concentration and yield of ketose 
by the action of Actobacter suboxydans: 
I. Those polyhydric alcohols dehydrogenated at high concentrations 
(25 per cent and above). These include sorbitol (2) and mannitol (3). 
II. Those polyhydric alcohols showing an optimum at a relatively 
low concentration. For example, glycerol (9) at 6 per cent and erythritol 
(10) at 4.5 per cent. 
III. Those polyhydric alcohols dehydrogenated in the presence of 
sorbitol or other source of assimilable carbon. For example, i-inositol. 
IV. Those polyhydric alcohols not dehydrogenated even in the pres-
ence of an assimilable source of carbon such as sorbitol. For example, 
dulcitol and rhamnitol. 
SUMMARY 
1. Acetobacter suboxydans cannot be successfully subcultured on 
an i-inositol yeast extract medium. Sorbitol, in concentrations as low as 
0.05 per cent, obviates this difficulty and permits the ready oxidation of 
the inositol. Erythritol, glycerol, dextrose and mannitol act as effectively 
as does sorbitol. 
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2. The addition of substrates effective in permitting the dehydro-
genation of i-inositol do not permit the oxidation of dulcitol, rhamnitol or 
rhamnose. 
3. The positive effect of the adjuvant materials in the inositol fer-
mentation is not associated with metabolic products thereof. They simply 
serve as assimilable substrates permitting the growth of the organism and 
subsequent oxidation of the inositol. 
4. The presence of sorbitol does not appreciably affect the dehydro-
genation of other assimilable polyhydric alcohols. 
5. Details are given for the development of cultural conditions 
optimum for the oxidation of i-inositol by means of Acetobacter sub-
oxydans. 
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During the past few years national, state and local sanitary agencies 
have been active in setting up standards for mechanical bottle washing 
in beverage, dairy and other food industries. The standards proposed and 
established usually specify a minimum time of exposure of the bottles to 
a stipulated minimum concentration of alkali or caustic solution which 
is maintained at a designated minimum temperature. With few excep-
tions these standards are precise and inflexible since there has not been 
available a suitable method for converting a given standard as to time of 
exposure, temperature and concentration of alkali, into one of equivalent 
sterilizing efficiency, if any of these factors was varied. Hence, a mathe-
matical expression was sought which could be utilized to evaluate the 
germicidal properties of alkalies for various combinations of these three 
factors. 
In addition to the foregoing investigations, the effect of acidity and 
nature of the substratum on the growth of yeasts which are responsible 
for 85 per cent of the economic loss from spoilage of carbonated bever-
ages, was studied. 
PART ONE 
GERMICIDAL EFFICIENCY OF SODIUM HYDROXIDE 
Solutions employed in mechanical bottle washers generally contain 
NaOH to which has been added milder alkalies. The germicidal prop-
erties of these mixtures as determined by various workers using Bacillus 
metiens have been found to depend primarily upon the amount of NaOH, 
but the proportion of milder alkali present also is significant. Since the 
spores of this organism were found not to die off logarithmically, that is, 
at a rate constantly proportional to the number of viable organisms pres-
ent at any given time, the killing time (specifically, the time necessary 
to kill 99.9 per cent of the viable spores of B. metiens) was studied as a 
suitable measure of germicidal power. 
The killing time for this organism was found to be a function of the 
temperature and caustic content of the disinfecting solution. The follow-
ing equation was derived by the method of least squares from the avail-
able published data on disinfection of B. metiens with alkalies: 
log 8 = 4.9815 -1.7912 log C - 0.0563 t 
1 Original thesis subimitted June, 1938. Doctoral thesis number 469. 
[49) 
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where 8 is the killing time in minutes, C is the concentration of caustic 
in percentage by weight and t is the temperature in degrees centigrade. 
The error of estimate between the calculated and experimental killing 
times did not exceed 3.5 per cent. 
Equation (1) when plotted in three coordinates generates a plane 
surface. The latter graph not only aids in clarifying the interrelationships 
a:mong the three factors, killing time, temperature and concentration of 
caustic but also indicates how future experiments on killing times may 
be designed in order to obtain data of. maximum statistical value. 
The interpretations of the constant and coefficients in equation (1) 
are as follows: Let equation (1) be written: 
log 8 = K - a log C - bt (2) 
Phelps (1911) reported that concentration and temperature coefficients 
apparently do not vary with the test organism. In equation (2) a and 
b are associated with the effect of concentration and temperature, re-
spectively, on the germicidal properties of the alkalies used and are inde-
pendent of the test organism. In this connecton the effect of temperature 
alone on the spores of B. metiens was practically nil at 50°, 60° and 70° 
centigrade. For this reason b should be considered associated with the 
germicide and its reactivity at various temperatures. 
On the other hand Kin equation (2) is a constant characteristic for 
the resistance of the test organism against the test disinfectant. Thus for 
a given germicide a large value of K signifies that the organism is very 
resistant. Conversely a low value indicates little resistance. Moreover, 
when standards for bottle washing are stipulated by law there has in 
effect been established a standard of germicidal efficiency adequate to 
destroy a hypothetical organism the resistance of which is measured by 
the value of K in equation (2). 
The foregoing explanations indicate possible uses for the constant 
and coefficients in equations (1) and (2). 
In the first place a given standard may be accurately and conven-
iently converted into equivalents of time (exposure time), temperature 
and concentration of NaOH. Such equivalents have the same germicidal 
efficiency as the standard in question and may be used when a specific 
standard is difficult to meet either because of washing machine design 
or poor operation economy. 
The equivalents of a standard may be determined by first substituting 
in equation (2) the time, concentration of NaOH, and the temperature 
stipulated by the standard being considered. Then solve for K using 
a= 1.7912 and b = 0.0563 (b = 0.03129 when temperature is in degrees 
Fahrenheit), the characteristic values when NaOH is employed as a 
germicide. Finally, having found K, it is possible to compute equivalents 
for various combinations of time, temperature and concentration. 
In the above manner the equation for calculating the germicidal 
equivalents based on the New York City specifications for washing milk 
\ 
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bottles [8 = 7, C = 2 per cent and t = 65.56°C. (150°F.)] was found 
to be: 
log 8 = 5.0753 - 1.7912 log C - 0.0563 t (3) 
For the Chicago standard [8 = 5, C -1.6, t = 48.89°C. (120°)] to the 
equation for computing the germicidal equivalents is: 
log 8 = 3.8171-1.7912 log C - 0.0563 t (4) 
In order to obtain the germicidal equivalents for the American Bottlers 
of Carbonated Beverages standard [8 = 5, t = 54.44° C. (130° F.)., C = 
3 per cent alkali of which 1.8 per cent is caustic] for washing beverage 
bottles, it was necessary to mathematically evaluate the germicidal prop-
erties of solutions containing mixtures of NaOH and milder alkalies such 
as Na2C03, Na3P04 , etc. Calculations based on data previously determ-
ined by Levine and his co-worders indicated that for a given temperature: 
log 8 = K - d log C (5) 
where 8 is the killing time in minutes, C, the total percentage of alkali 
calculated as NaOH, K, a constant depending on the temperature and 
the resistance of the organism and d, a coefficient dependent upon the 
composition of the germicide (alkali). When the solution was composed 
of NaOH and Na2C03, d was found to be 0.6331. For solutions contain-
ing Na3P04, d was somewhat greater (0.8308). 
By using equations (2) and (5) in which a= 1,7912, b = 0.0563, 
d = 0.6331, an equation was derived from which germicidal equivalents 
for the American Bottlers of Carbonated Beverages standard may be com-
puted. This equation is: 
log 8 = 4.3595 -1.7912 log C - 0.0563 t (6) 
As pointed out before, the constant (K) in the equations above is 
associated with the resistance of organisms subjected to killing. Asso-
ciated as it is with the resistance of an organism, the value of K for differ-
ent standards becomes a simple figure by which to compare bottle wash-
ing standards. For example, under the same conditions of temperature 
and concentration of washing compound how does the New York stand-
ard compare with the Chicago standard? By subtracting K Chicago = 
3.8171 from K New York City = 5.0753 and taking the antilog, one ob-
tains 18.1. This number means that the New York City standard for 
washing milk bottles is designed to kill a hypothetical organism, the 
killing time of which is 18.1 times greater that that of the hypothetical 
organism representing the Chicago standard. In similar manner the New 
York City standard organism required 5.2 times as long to kill as the 
A.B.C.B., which required 3.5 times as long as the Chicago standard organ-
ism. 
Another way to compare washing solution standards is to compare 
them on the basis of concentration of caustic required to effect the same 
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germicidal killing efficiency at a given time and temperature. In order 
to do this, it is necessary to solve equations (3), and (4), and (6) for 
log C and then take the antilog of the difference between any two K 
values corresponding to the standards in question. On this basis the New 
York City organism required 5.02 times as much caustic as the Chicago 
organism for a given temperature and killing time. The A.B.C.B. organ-
ism required 2.5 times more caustic than the Chicago organism and NEw 
York City about twice as much as the A.B.C.B. hypothetical test organ-
ism employed as a standard. 
PART TWO 
EFFECT OF REACTION AND NATURE OF SUBSTRATUM ON GROWTH OF 
YEASTS 
The studies on the effect of reaction (pH) and nature of substratum 
on the growth of yeasts isolated from carbonated beverages centered 
around the use of citric, lactic, and phosphoric acids and their salts. All 
of the test solutions contained a basal medium (5 grams dextrose, 3 grams 
peptone, and 5 gram_§. salt mixture) plus a given amount of salt of one of 
the acids acidified with the corresponding acid, the amount of which was 
predetermined by electrometric titrations. In some instances cane sugar 
sufficient to make a 10 per cent solution was dissolved in the test solu-
tions. 
The yeast cultures employed in this phase of the work were selected 
from a number of strains isolated from contaminated or spoiled carbon-
ated beverages. Selection was so accomplished that each yeast chosen 
represented a group of yeasts, each group being formed on the basis of 
morphology, spore formation, and certain cultural characteristics. 
Of each of the selected strains 0.1 ml., containing about 200 cells of a 
properly diluted 48-hour glucose broth culture of each strain, was trans-
ferred to 10 ml. portions of the various test media and to petri dishes for 
plate counts of the inocula. Incubation of the media was at 27°C. for a 
period of not less than 8 days. All tests were made in duplicate or tripli-
cate. 
In general the addition of sodium phosphate to the medium decreased 
the acidity at which the yeast strains grew. The limiting H+ ion concen-
trations for the 17 strains of yeasts employed in a medium containing 
glucose, peptone, a salt mixture and in some cases 10 per cent cane sugar 
was about pH 2.0 to 2.5 when citric or phosphoric acids were employed. 
With lactic acid, however, the limiting H+ ion concentration was more 
alkaline-pH 2.5 to 3.0. 
The addition of sodium phosphate or citrate to media acidified with 
phosphoric or citric acids respectively resulted in lowering the limiting 
hydrogen ion concentration at which yeasts grew by 0.5 to 1.0 pH unit. 
With lactic acid and its salts and effect was much greater. In many in-
stances the yeasts which grew at pH 2.5 in media acidified with lactic 
acid did not grow in media the reaction of which was less than pH 3.0 
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when 0.1 N sodium lactate was present and less than pH 3.5 when 
0.2 N sodium lactate was present. In some instances the yeasts which 
grew at pH 3.0 in the absence of the sodium salt of lactic acid failed to 
grow at reactions as alkaline as pH 4.3 when 0.2 N or 0.4 N sodium lactate 
was present in the medium. 
The limiting acidities in the presence of 10 per cent sugar were in 
general the same as in the absence of cane sugar, although in certain 
instances yeasts were unable to grow at acidities as acid as when the 
sugar was not included in the test media. In several instances greater 
numbers of organisms had to be inoculated into the test media containing 
sugar in order to initiate growth. 
SUMMARY 
1. The interrelationships between killing time, concentration of 
NaOH and temperature in evaluating the germicidal efficiency of caustic 
solutions when killing B. metiens spores are expressed mathematically 
by an equation of the following order: 
log () = K - a log C - bt 
2. The above equation may be utilized in calculating germicidal 
equivalents for stipulated standards and for accurately comparing vari-
ous standards for bottle washing. 
3. The limiting H-ion concentration for growth of yeasts in media 
acidified with phosphoric, lactic or citric acids was lowered by addition 
of their respective sodium salts. 
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I. HALOGEN AS A FINISH FOR WOOL 
II. FORMALDEHYDE AS A FINISH FOR WOOL 
III. COMPARISON OF THREE TEXTILE DETERGENTS1 
FLORENCE BARR 
From the Department of Chemistry, Iowa State College 
Received June 19, 1940 
The stability of the modified keratins, chlorinated wool and formal-
dehyde-treated wool, to acid and alkali and the stability of cotton, regen-
erated-cellulose rayon, cellulose-acetate rayon, silk, wild silk, and wool 
to repeated washings with soap, silicated soap, and sulfated alcohol have 
been measured by changes in the composition, weight, and mechanical 
properties of these textile fibers. 
I. HALOGEN AS A FINISH FOR WOOL 
Degradation of plain-woven wool, chlorinated by 0.06N hypochlorous 
acid in one hour at 25°C., by 0.50 to 6.00N hydrochloric acid in ten hours 
at 25°C., 0.25 to 0.75N hydrochloric acid in one hour at 100°C., and 0.05 
to 0.20N sodium hydroxide in ten hours at 40°C., has been measured by 
the weight, nitrogen, sulfur, and wet strength of the residual wool. 
Degradation of chlorinated wool by acid in ten hours at 25°C. ex-
ceeded that of wool as measured by sulfur or wet strength; the loss in 
weight and nitrogen was the same for wool and chlorinated wool at 25°C. 
Both wool and chlorinated wool were much more degraded by acid 
at 100°C. than at 25°C., the chlorinated wool more than the wool, al-
though chlorinated wool's ratio of sulfur to nitrogen was not decreased at 
either temerature. 
Sodium hydroxide in ten hours at 40°C. dissolved the same amount 
of sulfur from chlorinated wool as from wool but lowered the nitrogen 
and weight of the chlorinated wool more. The ratio of sulfur to nitro-
gen of chlorinated wool decreased with increasing concentration of al:-
kali. The wet strength of chlorinated wool was completely destroyed in 
one hour at 40°C. by 0.05N sodium hydroxide, although wool retained 
five per cent of its strength after ten hours at 40°C. in 0.20N sodium 
hydroxide. 
II. FORMALDEHYDE AS A FINISH FOR WOOL 
Degradation of plain-woven wool, treated with one percent formal-
dehyde for one hour at 70°C., by 6.00N hydrochloric acid in ten hours 
at 25°C., 0.25 to 0.75N hydrochloric acid in one hour at 100°C., 0.05 to 
0.40N sodium hydroxide in ten hours at 40°C., and 38 per cent sodium 
1 Original thesis submitted June, 1940. Doctoral thesis number 558. 
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hydroxide for five minutes at 15°C., has been measured by the weight, 
nitrogen, sulfur, and wet strength of the residual wool. 
Decrease in weight and strength was less for formaldehyde-treated 
wool than for wool in 6.00N hydrochloric acid at 25°C. 
Formaldehye protected wool from loss in weight, nitrogen, sulfur, 
and wet strength when treated with acid at 100°C.; formaldehyde-treated 
wool retained 25 per cent of its wet strength after one hour at 100°C. in 
0.50N hydrochloric acid although wool showed no measurable wet 
strength when so treated; upon treatment with acid the ratio of sulfur 
to nitrogen in the residual formaldehyde-treated wool remained con-
stant. 
Formaldehyde protected wool from loss of weight and strength 
when treated with dilute alkali for ten hours at 40°C.; the wet strength 
of wool was completely destroyed by O.lON sodium hydroxide. Total 
nitrogen of the residual formaldehyde-treated wool remained constant; 
loss of nonsulfate sulfur by formaldehyde-treated wool coincided with 
that of wool at 0.05 and O.lON alkali but was less at greater concentra-
tions; the ratio of sulfur to nitrogen in the residual formaldehyde-treated 
wool decreased with increasing concentration of alkali. 
The loss of sulfur, weight, and wet strength during five minutes at 
15°C. in 38 per cent sodium hydroxide was the same for the formalde-
hyde-treated wool as for wool; total nitrogen of the formaldehyde-treated 
wool was unchanged by this treatment. 
III. COMPARISON OF THREE TEXTILE DETERGENTS 
Plain-woven cotton, regenerated-cellulose rayon; cellulose-acetate 
rayon, silk, wild silk, and wool have been washed separately by hand 
in 0.5 per cent solutions of neutral olive-oil soap, silicated soap, or sul-
fated alcohol for five minutes at room temperature, rinsed until the 
rinse no longer foamed, and dried in air and diffused light at room tem-
perature. After ten, twenty, thirty, forty, and fifty washings all the 
fabrics were again analyzed for ash, percentage of light absorbed, shrink-
age, wet warp breaking strength, elongation at breaking load, and weight. 
the silks and wool were analyzed for total nitroen and sulfate sulphur, 
the wool for total sulfur, and the cellulose acetate for acetyl. 
The acetyl value of the cellulose-acetate rayon increased by 0.5 
per cent in ten washings but then remained constant. 
With each of the detergents the ash of the cellulosic fabrics decreased 
and that of the proteic fabrics increased with increasing number of 
washings. The increase in ash for wild silk and wool was greatest with 
silicated soap and least for wool with sulfated alcohol. 
Total nitrogen of the residual wild silks reflected the loss of non-
nitrogenous sizing during washing, that of silk and wool the increased 
weight of the residual fabrics. 
Repeated washing bleached cellulose, and this effect was greatest 
with silicated soap; silk, wild silk, and wool darkened upon repeated 
washing with sulfated alcohol. 
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Fabrics other than wool shrank but little in any of the detergents. 
The wet strength of all the fabrics decreased with increasing num-
ber of washings in each of the three detergents. In fifty washings the 
wet strength of silk decreased 76 per cent with sulfated alcohol, 10 per 
cent with silicated soap, and 24 per cent with soap. Wild silk lost 74 
per cent of its wet strength with sulfated alcohol and 78 per cent with 
silicated soap in fifty washings; wool lost 11 per cent of its wet strength 
with sulfated alcohol, 19 per cent with silicated soap, and 21 per cent 
with soap in fifty washings. 
The residual sulfur of wool washed with silicated soap or soap re-
mained constant but that of wool washed with sulfated alcohol increased; 
silk and wild silk also retained sulfate sulfur from the sulfated alcohol. 
The relatively great losses in weight of the cotton and wild-silk 
fabrics upon washing are explained by their loss of sizing; regenerated 
cellulose, contrasted with cellulose acetate, gained slightly in weight 
upon washing; wool gained more in weight than silk with each of the 
three detergents. 
DEFECTS OF BLUE (ROQUEFORT TYPE) CHEESE1 
HIGBEE WAYNE BRYANT 
From the Department of Dairy Industry, Iowa State College 
Received June 19, 1940 
Since the ripening of the different cheeses is primarily a biological 
process, variations in the results are to be expected. In blue cheese, as 
in most other types, some of the variations are of a minor nature and the 
cheese showing them are still considered satisfactory. In other cases 
the variations are of more importance, the cheese involved being defi-
nitely defective. 
The objectionable conditions encountered in blue cheese vary 
widely, and some of them are difficult to classify. However, a number 
of rather specific defects have been noted often enough to make them of 
considerable practical importance. In general, the specific defects of 
blue cheese are essentially the same as those encountered in other 
cheeses. 
An improvement in the general quality of blue cheese requires a 
reduction in the number of cheese showing minor variations from the 
most desirable qualities and the elimination of the cheese showing defi-
nitely objectionable conditions. As a basis for this, the causes of the 
various defects must be etablished. 
In the work reported, an attempt was made to determine the causes 
of a number of the more serious defects of blue cheese. 
A defect of blue cheese in which a portion of the edges became soft 
appeared to be caused by excessive moisture in the softened part of 
the cheese. The logical place for softening to occur would be the edge, 
since here two surfaces are separated by a relatively small amount of 
cheese and the ratio of desposited moisture to cheese is high. The com-
parative analyses of several normal and several defective cheese showed 
that the moisture content of the soft material was from 8.19 to 16.91 per 
cent higher than the moisture content of the normal cheese. The defect 
was readily reproduced by placing cheese near a humidifier where free 
moisture could strike it. 
Gas producing organisms are found in various dairy products, in-
cluding cheese. The most common gas producing organisms causing de-
fects in cheese are members of the Eschericia-Aerobacter group. Gas 
formation is of relatively little importance in blue cheese, presumably 
because of the open texture, which permits the gas to escape, and the 
unfavorable conditions in the cheese for growth of the common gas 
forming organisms. Trials with a culture of Aerobacter aerogenes 
freshly isolated from gassy cheddar cheese showed that inoculations 
1 Original thesis submitted June, 1940. Doctoral thesis number 567. 
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(of the milk) which resulted in very gassy cheddar cheese caused no 
gas holes or only insignificant numbers in blue cheese. 
A lack of mold growth occasionally is noted in blue cheese. In cer-
tain cases it probably is caused by too short a ripening period. With 
further ripening such cheese commonly develops a normal mold growth 
and flavor. In other cases the cheese lacks mold growth even after ex-
tended ripening. A defect of blue cheese in which the blue mold failed 
to develop in the cheese, even after extended ripening, was apparently 
caused by the use of a mold powder in which an atypical strain of 
Penicillium roqueforti predominated. The variation in the mold may 
have been caused by the long continued cultivation on an artificial 
medium of the culture used to prepare the powder. In order to avoid 
slow mold development in the cheese, the mold powder must be care-
fully controlled. It is advisable to establish the effectiveness of a new 
lot of mold powder by using it in one or two runs of cheese before it 
is employed in more extensive operations. There may be an advantage 
in occasionally isolating a fresh culture of Penicillium roqueforti from 
a good blue cheese and using it in the preparation of mold powder. 
A fruity flavor in blue cheese seemed to be associated with a rel-
atively high moisture content. No organism capable of reproducing the 
defect could be isolated from the defective cheese, and a yellow green 
mold present in some of the defective samples did not cause fruitiness 
in cheese, although it produced a fruity, yeast like odor in milk. A 
relatively high moisture content in cheese may so influence the activity 
of the normal blue cheese organisms that the growth products deviate 
somewhat from the usual type. 
Blue cheese is characterized not only by its flavor but also by the 
blue veins through it. The veins are due to the growth of Penicillium 
roqueforti and are expected in a normal cheese. Molds other than 
Penicillium roqueforti occasionally invade blue cheese. If the color pro-
duced by them is rather similar to that of the normal blue portions, it 
is overlooked, but if it is not similar, its presence is immediately noticed 
and it is designated as a color defect. One of the most noticeable of these 
color defects is a black discoloration. This black discoloration is usually 
accompanied by a musty flavor and was attributed to the growth of 
Hormodendrum olivaceum in the cheese. 
A defect in which a gray discoloration and a mousy, ammoniacal 
flavor developed in blue cheese was accompanied by an increase in pH. 
In every case the pH of the discolored cheese was higher than that of 
the corresponding normal cheese and in most cases the difference was 
significant. The variation from the normal ripening mechanism which 
caused the gray discoloration presumably involved the formation of 
basic products from protein. Extensive development of Penicillium 
roqueforti or growth of contaminating organisms could be responsible 
for an unusual protein decomposition. Contaminating organisms cap-
able of reproducing the defect could not be isolated. 
MEASUREMENT OF THE HEAT LIBERATED IN THE 
BIOLOGICAL DECOMPOSITION OF PLANT MATERIALS1 
RALPH E. CARLYLE 
From the Soils Laboratory, Department of Agronomy, Iowa State College 
Received June 19, 1940 
The phenomenon of heat evolution by moist plant materials has 
been the subject of much speculation and study. This process, some-
times known as thermogenesis, has attracted many investigators not 
only because of its theoretical importance but also because of its many 
practical ramifications. Thermogenic fermentations raise some fasci-
nating biological problems, since the rapid change of temperature must 
profoundly affect the nature of the active microbial population. The 
effect of plant composition has hardly been examined, and it remains 
to be determined whether the evolution of heat is associated with the 
rapid fermentation of some particularly available or thermogenic con-
stituent. Furthermore, up to the present no attempt has been made to 
determine quantitatively the heat evolved in such fermentations. 
In this investigation the construction and operation of an apparatus 
for study of this general problem are described along with the results 
of some thermogenic decompositions using oat straw as a substrate. 
The apparatus designed to measure heat evolution quantitatively con-
sists essentially of a fermentation vessel immersed in a well inoculated 
cylindrical water bath, the temperature of which is both controlled by 
and remained the same as the fermenting material in the jar. In this 
way an adiabatic system is obtained with no heat loss or gain during the 
fermentation. The fermentation vessel is a glass quart fruit jar. Over 
the jar is fitted a flanged cover, made of brass with four threaded open-
ings into which are screwed four sleeves, two small and two slightly 
larger. The smaller openings accommodate the glass air inlet and air 
outlet, the former reaching to the bottom of the vessel. One of the two 
larger openings accommodates a thermocouple and the other a two-
junction thermopile, both being held in place by small rubber stoppers 
which act as air and water tight gaskets and each extending into the 
center of the plant material in the vessel. The cover is fastened . over 
· the top of the glass jar by means of a clamp, a rubber gasket being used 
to prevent leaks of air or water. 
The temperature of the bath is controlled by two 2-junction thermo-
piles, one each in flask and bath respectively, connected directly to a 
galvanometer, the reflected beam from the mirror of which is focused on 
a photo-electric cell. Any deflection of the beam caused by an increase 
in temperature in the flask causes a relay to switch the heaters on and 
off several times a minute when heat evolution was rapid, so that no 
'Original thesis submitted June, 1940. Doctoral thesis number 561. 
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temperature differences between the flask and the bath could ordinarily 
be detected. 
Copper-constantan thermocouples, a pH potentiometer and a gal-
vanometer are used in making the temperature measurements. The 
measuring system is calibrated against an accurate thermometer and a 
detailed curve drawn for the desired temperature range so that potentio-
meter readings can be converted directly into degrees centrigrade. 
Aeration of the flask is carried out by passing air (at a rate of about 16 
liters per day) from a compressed air cylinder through a long copper 
coil in the bath and saturating it at that temperature by passage through 
a wet bead tower also immersed in the bath. The evolution of C02 may 
be determined from hour to hour, and this provides additional informa-
tion as to the rate of fermentation. 
The procedure in using the apparatus was as follows: The fermenta-
tion was started at a temperature in the neighborhood of 25°. Forty 
grams of cut oat straw was moistened with water containing 1.3 grams 
of ammonium nitrate. No inoculation was ordinarily made, unless the 
straw had been given a chemical pre-treatment. The lid was sealed 
tightly and aeration commenced. The circuit controlling the heaters was 
swtiched on when the straw in the fermentation vessel had come into 
equilibrium with the water bath. As the fermentation proceeded, tem-
perature readings and C02 determinations were made at frequent inter-
vals. When the temperature had ceased to rise the fermentation vessel 
was removed from the bath and the loss of dry matter ascertained by 
weighing the wet residue and determining the moisture content in 
duplicate. In some cases plate counts were made of bacteria in the wet 
residue. 
Using the adiabatic apparatus and a cut oat straw substrate, experi-
ments were made on the following phases of the subject: 
(a) Rate of heat and C02 evolution 
(b) Substrate exhaustion 
(c) Modification of the substrate by extraction 
· ( d) Nitrogen requirements of the microbial population 
( e) Bacterial numbers at different stages 
(f) Pure culture studies using an unidentified bacillus, and Asper-
gillus fumigatus 
The results and conclusions of the investigation are as follows: 
1. Temperature increases of 50°C. were obtained in less than 48 
hours. Heat evolution rate curves showed two maxima, one in the 
mesophilic range followed by one in the thermophilic range. The extent 
of decomposition usually found in one temperature ascent was less than 
4 per cent on an oven dry basis. The rate of heat evolution was the im-
portant factor rather than the total amount of heat evolved. Rates of 
heat and carbon dioxide evolution were closely related. 
2. Heat evolution was expressed quantitatively in terms of calories. 
In a typical fermentation in which the temperature increased from 25.8° 
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to 69.8°C., it was calculated that 5894 calories of heat were evolved. This 
value cannot be considered absolute but is a close approximation. 
3. As the readily available plant constituents were decomposed, the 
rate of heat evolution decreased. Adding additional water-soluble plant 
material resulted in the phenomenal maximum heat evolution rate of 
4.9° per hour. The polyuronide hemicelluloses proved to be available 
for purposes of heat evolution, but ordinarily only the water-soluble 
constituents were involved in the decomposition accompanying one tem-
perature ascent. 
4. The treatment of straw with hot water, 0.5 per cent NaOH, 0.5 
per cent H2S04 and 3.0 per cent H2S04 resulted in material decreases in 
rate of heat evolution, the decreases being in the order named. 
5. Additions of a soluble nitrogen source proved of no benefit to 
decompositions in which only one temperature ascent occurred. 
6. Bacterial numbers and rate of heat evolution appeared to be 
closely related, especially in the mesophilic temperature range. The 
relationship was not evident in the thermophilic temperature region, 
probably because the count plates were not incubated at thermophilic 
temperatures. 
7. Aspergillus fumigatus and an unidentified bacillus in pure cul-
ture fermentations exhibited activity only in the mesophilic range. 
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SOME PREFERENTIAL REACTIONS OF POLYFUNCTIONAL 
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This work was undertaken in order to determine the usefulness 
of several moderately reactive organometallic types in effecting prefer-
ential reactions with groups in polyfunctional compounds. The study 
includes reactions of organomagnesium and organolithium compounds 
with cyano esters, ketonic esters and ketonic nitriles and reactions of 
organo-cadmium compounds with ester acid chlorides, ketonic acid chlor-
ides and diacid chlorides. 
In all the experiments the organometallic compound was added 
dropwise to a rapidly-stirred solution of the difunctional compound con-
tained in the customary apparatus2 filled with purified nitrogen. 
The yields of reaction products, calculated on several different bases, 
are given together and designated as follows: 
(1) %' indicates the yield based on one-half of the difunctional 
compound added. 
(2) %" indicates the yield based on all the difunctional compound 
added. 
(3) % indicates the yield based on the actual amount of difunctional 
compound used up. 
Five-hundredths mole of methyl p-cyanobenzoate and 0.05 mole of 
methylmagnesium iodide gave a 38%', 40% yield of 4-(2-hydroxy-2-
propyl) benzonitrile based on the corresponding acid isolated on hydroly-
sis. The amount of cyano ester recovered was 53%. When two equiva-
lents of Grignard reagent were used, the yield of the hydroxy acid was 
40%", 54% with a 26% recovery of cyano ester. Two equivalents of 
phenylmagnesium bromide and the cyano ester produced a 54%" yield 
of (p-cyan<Yphenyl)diphenylcarbinol, m.p. 91-92°. Equimolecular amounts 
of the reactants gave the hydroxycarbinol (55%'), p-benzoylbenzonitrile 
(1.4%") and unreacted ester (33%). 
From 0.1 mole of methyllithium and 0.05 mole of methyl p-cyano-
benzoate there was obtained a 53%", 61 % yield of 4-(2-hydroxy-2-propyl) 
benzonitrile based on the corresponding hydroxy acid isolated. A 14% 
recovery of ester was realized. Equimolecular portions of phenyllithium 
and cyano ester gave (p-cyanophenyl) diphenylcarbinol (13%'), (p-ben-
zoylphenyl) diphenylcarbinol (6.6% based on RM used), and cyano ester 
(30% recovery). In a second experiment the yields of products were 
9.8%', 9.5% and 34%, respectively. 
'Original thesis submitted December, 1939. Doctoral thesis 547. 
'Gilman, Zoellner and Selby, J. Am. Chem. Soc., 54, 1957 (1932). 
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Two equivalents of phenylmagnesium bromide with methyl m-cyano-
benzoate produced a 46%" yield of (m-cyanophenyl)diphenylcarbinol 
(based on the (m-carboxyphenyl)diphenylcarbinol, m.p. 163°, obtained, 
which was characterized as (m-carbomethoxyphenyl)diphenylcarbinol, 
m.p. 140°) and a 2.9% (based on RMgX) yield of (m-benzoylphenyl)-
diphenylcarbinol, m.p. 126°. In a second experiment there was isolated 
(m-cyanophenyl)diphenylcarbinol, m.p. 96°, (13%") and its correspond-
ing acid (32%") which represented a total yield of 45%" for the cyano-
carbinol. 
Equimolecular amounts of methyl p-benzoylbenzoate and methyl-
magnesium bromide gave, after hydrolysis by alkali, a 77%" yield of 
4-(a-hydroxy-a-phenylethyl)benzoic acid, m.p. 145-146°, [characterized 
by the methyl ester, methyl 4-(a-phenylethynl) benzoate, m.p. 73.5-74°]. 
From phenylmagnesium bromide under similar conditions, there re-
sulted (p-carbomethoxyphenyl) diphenylcarbinol (56.5% ", 66%" crude). 
Methyllithium and the keto ester produced a 45%", 55% yield of the 
carbomethoxycarbinol when based on the amount of 4- (a-hydroxy-a-
phenylethyl) benzoic acid isolated. On the other hand phenyllithium and 
the ketonic ester gave a 51 % yield of 1,4-di- (diphenylhydroxymethyl) 
benzene (based on RM used). 
Equivalent amounts of methyl p-acetylbenzoate and methylmag-
nesium bromide gave a 53.4%", 64% yield of methyl 4-(2-hydroxy-2-
propyl) benzoate based on the amount of 4-isopropenylbenzoic acid iso-
lated. A second experiment gave a 64%" yield of the unsaturated acid. 
Phenylmagnesium bromide and the keto ester produced in one run a 
45%" yield of methyl 4(a-phenylethenyl)benzoate (from dehydration of 
hydroxy ester) and in a second run a 57%" yield of methyl 4 (a-hydroxy-
a-phenylethyl) benzoate based on the corresponding acid isolated. 
From equivalent amounts of methyl p-acetylbenzoate and methyl-
lithium there was isolated a 7.7% yield (based on RM) of di-[4-(2-
hydroxy-2-propyl) ]benzene. An excess of methyllithium gave the dihy-
droxy compound ( 53 % ) and 4-( 2-hydroxy-2-propyl) acetophenone (based 
on the semicarbazone). Phenyllithium and the keto ester (equivalent 
amounts) produced [4-( a-hydroxy-a-phenylethyl)phenyl]diphenylcarbi-
nol, m.p. 138-139°, and methyl 4-(a-hydroxy-a-phenylethyl) benzoate 
(8%", 16%, based on the hydroxy acid isolated). 
p-Benzoylbenzonitrile with methyl- and phenylmagnesium bromides 
gave an 84%" yield of 4-(a-hydroxy-a-phenylethyl) benzonitrile and a 
67%" yield of (p-cyanophenyl) diphenylcarbinol, respectively. From 
methyllithium there were obtained a 45%" yield of 4-(a-hydroxy-a-
phenylethyl) benzonitrile and a 6. 7 % yield of 4- (a-hydroxy-a-phenyl-
ethyl) acetophenone (isolated only as its semicarbazone, m.p. 182-183°). 
Phenyllithium, on the other hand, gave a 58%' yield of (p-benzoyl-
phenyl) diphenylcarbinol (yield 72%' on the basis of the ketimine hydro-
chloride of the hydroxy ketone) and a 16%" yield of (p-cyanophenyl)-
diphenylcarbinol. 
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p-Acetylbenzonitrile and methyl- and phenylmagnesium bromides 
gave 4-(2-hydroxy-2-propyl) benzonitrile (54%" on basis of correspond-
ing acid) and a 69%" yield of 4-( a-hydroxy-a-phenylethyl)benzonitriie, 
m.p. 91-92°, respectively. Methyllithium and the keto nitrile formed only 
4- (2-hydroxy-2-propyl) acetophenone (37%' on the basis of its semica.r-
ba.zone, m.p. 213°). Phenyllithium yielded 4-( a-hydroxy-a-phenylethyl)-
benzophenone, m.p. 106°, (22%') [oxime, m.p. 140°] and 4-(a-hydroxy-
a-phenylethyl) benzonitrile (23%", 34%). 
From equivalent amounts of p-benzoylbenzoyl chloride and phenyl-
magnesium bromide there was isolated p-dibenzoylbenzene (12.6%", 
16%) and (p-carboxyphenyl)diphenylcarbinol (4.7%", 6%) . A second 
run gave a 15%", 18% yield of the diketone and a 5.5% yield of (p-ben-
zoylphenyl) diphenylcarbinol. An excess of diphenylcadmium and the acid 
chloride yielded p-dibenzoylbenzene (51 %"). 
Terephthalyl chloride (1 mole) and dimethylcadmium (0.5 mole) 
produced p-acetylbenzoic acid ( 4%") and crude diacetylbenzene (33%"). 
Diphenylcadmium and the acid halide gave p-dibenzoylbenzene (34%', 
43%), and p-benzoylbenzoic acid (1.4%", 3.7%). Phthalyl chloride (0.1 
mole) and diphenylcadmium (0.05 mole) formed 3,3-diphenylphthalide 
(49%'). 
One-tenth mole of sebacyl chloride and 0.05 mole of dimethyl-, di-n-
hexyl- and diphenylcadmium gave 1,8-diacetyloctane (88%', 77%), 1,8-
di-n-heptoylocta.ne, (49%', 43%), m.p. 88°, [disemicarbazone, m.p. 166°], 
and 1,8-dibenzoyloctane (71 %', 78%), respectively. From 9-carbeth-
oxynonanoyl chloride and the same cadmium compounds, used in the 
same ratio, there were obtained diketones and keto acids. Dimethylcad-
mium formed 1,8-diacetyloctane (9.6%") and 10-ketoundecylic acid 
(22%", 38%); di-n-hexylcadmium produced 1,8-di-n-heptoyloctane 
(7%") and 10-ketopalmitic acid (40%", 54%); diphenylcadmium gave 
1,8-dibenzoyloctane (17.5%") and 9-benzoylnonanoic acid (41%", 52%). 
When the acid chloride ester was added to an excess of the organocad-
mium compound the yield of diketone was increased slightly and the 
yield of keto acid was decreased about 5%. 
Equivalent amounts of cinnamoyl chloride and phenylzinc chloride 
gave a 17.9%" yield of ~-phenyl-y-benzoyl-y-benzohydrylbutyrophenone. 
Two moles of phenylzinc chloride gave a 34%" yield of the above product 
and a 4.8%" yield of benzalacetophenone. When the acid chloride was 
treated with an excess of diphenylzinc, a 35%" yield of ~.~-diphenylpro­
piophenone resulted. Two moles of phenyllithium and the acid chloride 
yielded diphenylstyrylcarbinol (64%) and ~,~-diphenylpropiophenone 
(6.6%), while phenylmagnesium bromide under the same conditions gave 
1,1,5,5-tetraphenylpentanone-3 (50%') and ~,~-diphenylpropionic acid 
(8%"). 
A correlation of the results obtained in this investigation shows that 
the Grignard reagent does react preferentially with one of the groups in 
the disubstituted benzene derivatives studied, and that the group which 
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reacts is the one which would have been expected on the basis of the 
series of relative reactivities of the various functional groups3• The 
organolithium compounds, on the other hand, tend to react with both 
groups and are too reactive to be used for preferential reactions. Organo-
cadmium compounds are suitable reagents for the preparation of ketonic 
esters from acid chloride esters if the latter are pure and contain no diacid 
chlorides. Organocadmium compounds do not give ketonic acids in any 
appreciable yields with diacid chlorides, but give good yields of diketones. 
The results of the reactions of the various organometallic compounds with 
cinnamoyl chloride tend to indicate that the organozinc compounds react 
first with the unsaturated acid chloride by metathesis; that phenylmag-
nesium bromide adds 1,4 to the conjugated system of the acid chloride; 
and that phenyllithium adds first to the carbonyl group. 
' Entemann and Johnson, ibid ., 55, 2900 (1933); Gooch, Master's thesis, Library, 
Iowa State College, 1939. 
THE DEVELOPMENT OF WESTERN WHEAT STEM SAWFLY 
(CEPHUS CINCTUS NORT.) IN VARIOUS HOST PLANTS 
AS AN INDEX OF RESISTANCE1 
CHRISTIAN F ARSTAD 
From the Department of Zoology and Entomology, Iowa State College 
Received June 18, 1940 
The western wheat stem sawfly (Cephus cinctus Nort.) is a pest of 
primary importance, which causes serious economic loss to wheat farm-
ing throughout the great plains of Western Canada. This insect is native 
and attacks a number of the small grains and grasses. During the past 
few years changes in farming practices have been introduced to control 
soil erosion, drought, and plant diseases. Although these changes have 
in themselves been beneficial they have made the control of C. cinctus 
much more difficult. 
Certain varieties of wheat which have a tendency to produce pith 
filled culms, commonly designated as solid stemmed, have been found to 
be resistant in varying degrees to the attack of the wheat stem sawfly. 
In 1933 a cooperative project, between the Cereal Division of the 
Experimental Station, Swift Current, Saskatchewan, and the Entomo-
logical Laboratory, Lethbridge, Alberta, was started for the purpose of 
investigating the possibility of producing a commercially desirable wheat 
that would also be resistant to wheat stem sawfly. 
In order to get a more complete knowledge of the nature of resist-
ance and its effect upon the insect itself a study of the development of 
C. cinctus in some of its host plants was started in 1937. This study was 
principally concerned with comparing and contrasting the growth and 
development of this insect in favorable hosts and those which were par-
tially or wholly resistant. 
Marquis and several other commonly grown vulgare spring wheats 
appear to be more suitable host plants than do the native grasses within 
which the sawfly developed before the introduction of wheat. These 
wheats were used as standards of comparison. Golden Ball, S615, S632, 
S633, and S493 have been studied as varieties of those wheats which are 
solid stemmed and thus show varying degrees of resistance. Agropyron 
smithii, A. elongatum, A. cristatus, A. pauci'florum, Brom.us inermis, 
Stipa viridula, Phleum pratense and Elymus dahuricus were the culti-
vated and native grasses studied. 
The indices of development which were used in this study were as 
follows: 
(1) Larval head width 
(2) Larval mortality 
(3) Length of adult female 
(4) Oviposition potential. 
---
1 Original thesis submitted March, 1940. Doctoral thesis number 553. 
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The entire larval period is spent within the lumen of the host stem. 
It was therefore impossible to make periodic observations of individual 
larvae. Collections of larvae were made from time to time throughout 
the developmental period. The head capsules of these were measured 
and an attempt was made to determine growth rates from these data. 
Histograms of head widths were prepared to determine if possible the 
number of instars. 
In Marquis wheat the number of instars as determined by "Dyar's 
Rule" appears to be five. In others the distinction is not easily made but 
appears to be variable. The variations are dependent upon many condi-
tions. Evidently the succulence of the stem which is influenced by 
drought and the ripening process and the prevalence of pith are of prime 
importance in determining development. 
On the whole the variability was so great that the interpretation of 
growth rates as based on the instars was abandoned and the mean width 
of all larvae was plotted against time. In this way it was possible to com-
pare and contrast the rate of growth. With respect to the adults it was 
found that there is a linear relationship between the length of the female 
adult and the oviposition potential. 
Those hosts in which the mature larvae were small produced small 
adults. · 
The pith tissue characterizing the solid stemmed varieties of wheat 
is affected in its expression by environment. Golden Ball retains its 
solidness under all conditions studied, although its consistency is variable. 
Those varieties designated by "S" are less stable in their pith con-
sistency in that they are completely hollow when grown in the green-
house, and hollow to solid in a screen cage. There is a direct relationship 
between the amount and consistency of the pith tissue present and the 
degree of the effect upon the developing C. cinctus. It therefore appears 
as though the resistance is of a mechanical nature rather than a nutri-
tional one. 
The moisture content of the plant or its succulence may influence 
to some extent the length of the developmental period. Late maturing 
wheat varieties tend to produce larger larvae and adults. This condition 
is not necessarily an index of host suitability since the mortality in such 
stems is usually high. 
Oviposition in stems is limited by the stage of development of the 
plant and the diameter of its stem. 
Agropyron elongatum, an introduced grass which is crossable with 
wheat, is highly resistant. The culms of this species are largely solid 
although those which are predominantly hollow appear to have a dele-
terious effect upon larval development to such an extent that it is doubt-
ful that any will survive and reach maturity. 
Phleum pratense appeared to show a type of resistance entirely dif-
ferent from that of wheats and other grasses. The bulb-like basal portion 
of the stem is tunnelled by the larvae in preparing their hibernaculum. 
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During spring renegeration of the plant, the larvae are apparently crushed 
by the growth and enlargement of the surrounding tissue. 
Varieties of oats appear to be entirely resistant to the wheat stem 
sawfly and from the data thus far available they appear to be deficient 
in some nutritional essential to the growth and development of this insect. 
FLEAS OF EASTERN UNITED STATES1 
IRVING Fox 
From the Department of Zoology and Entomology, Iowa State College 
Received June 19, 1940 
This is the first comprehensive revision dealing with American fleas 
since the appearance of Baker's2 Revision of American Siphonaptera in 
1904, despite the recognized importance of fleas as transmitters of bu-
bonic plague and endemic typhus fever, and the growing concern about 
their implication in the transmission of some other diseases. Workers 
have described many new species in the ensuing 36 years, and new char-
acters have been discovered which have led to a complete rearrange-
ment of classification. These new species and characters were dealt with 
at the time of their discovery only in numerous short papers, most of 
which were published in various technical journals. 
In this study, the author has drawn together, coordinated, and 
brought up to date these scattered bits of work. In addition, he has con-
tributed the findings of his own original research carried on for more than 
three years at the United States National Museum and at the Iowa State 
College. Specifically, this study contains . . . 
Descriptions of the distinguishing characteristics of 55 species, fall-
ing into 5 families comprising 33 genera, which are known to parasitize 
more than 75 mammalian and avian hosts including man and domestic 
animals in Eastern United States. 
One hundred sixty-six figures, an average of 3 for each species, 
which illustrate the distinguishing characteristics, thus further facilitat-
ing easy and accurate identification. All illustrations and descriptions are 
original except a few which, because of the inability to obtain material, 
were adapted from previous publications. 
Specifications of the known distribution, the known hosts, the type 
host, and the locality of occurrence for each of the 55 species. • 
Keys to the suborders of Siphonaptera, to the families of Integrici-
pita and Fracticipita, and to the genera of the five families. 
A host index in which hosts are listed alphabetically, and the fleas 
that parasitize each host are specified. 
A synonymic index in which synonyms are listed alphabetically. 
A selected bibliography of other published material dealing with 
fleas. 
Brief chapters on collection and preservation of fleas, life history 
and control, and morphology and terminology. 
Five families of fleas occur in the United States east of the one hun-
dredth meridian-Hectopsyllidae, Pulicidae, Dolichopsyllidae, Hystrich-
opsyllidae and Ischnopsyllidae. 
1 Original thesis submitted April, 1940. Doctoral thesis number 555. 
'Baker, U.S. National Museum Proceedings, 27:365-469 (1904). 
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The family Hectopsyllidae contains but one eastern species, Echid-
nophaga gallinacea (Westwood). 
The family Pulicidae contains the following eastern species: Hop-
lopsyllus affinis (Baker), H. lynx (Baker), Xenopsyllus cheopis (Roths-
child), Pulex irritans Linnaeus, Cediopsylla simplex (Baker), Ctenoce-
phalides felis (Bouche), and C. canis (Curtis). 
The family Dolichopsyllidae contains the following eastern species: 
Rhopalopsyllus gwyni C. Fox, Trichopsylla floridensis I. Fox, T. lotoris 
Stewart, Ctenophthalmus pseudagyrtes Baker, Rectofrontia fraterna 
(Baker), Foxella ignota (Baker), Conorhinopsylla stanfordi Stewart, 
Ctenophthalmus pseudagyrtes Baker, Rectofrontia fraterna (Baker), 
Foxella ignota (Baker), Conorhinopsylla stanfordi Stewart, Opisocrostis 
bruneri (Baker), Oropsylla arctomys (Baker), Odontopsyllus multispin-
osus Baker, Ceratophyllus celsus Jordan, C. diffinis J., C. idius Jordan 
and Rothschild, C. gallinae (Schrank), C. niger C. Fox, C. riparius Jordan 
and Rothschild, C. swansoni Liu, Opisodasys pseudarctomys (Baker), 
Orchopeas wickhami Baker, 0. caedens (Jordan), 0. sexdentatus penn-
sylvanicus (Jordan), 0. leucopus (Baker), Megabothris asio (Baker), M. 
acerbus (Jordan), M. quirini (Rothschild), M. wagneri (Baker), M. vison 
(Baker), Mosopsyllus fasciatus (Bose). 
The family Hystrichopsyllidae includes the following eastern species: 
Hystrichopsylla gigas tahavuana (Jordan), Atyphloceras bishopi Jordan, 
Stenoponia americana (Baker), Peromyscopsylla hesperomys (Baker), 
P. scotti I. Fox, P. catatina (Jordan), Ctenopsyllus segnis (Schonherr), 
Nearctopsylla genalis (Baker), Doratopsylla blarinae C. Fox, D. curvata 
Rothschild, Epitedia wenmanni (Rothschild), E. faceta (Rothschild), E. 
testor (Roths.), Tamiophila grandis (Rothschild), Catallagia borealis 
Ewing, C. onaga Jordan. 
The family Ischnopsyllidae includes the following eastern species: 
Myodopsylla insignis (Rothschild), Eptescopsylla chapini (Jordan), 
Sternopsylla texana (C. Fox). 
THE FLUORESCENT BACTERIA IN DAIRY PRODUCTS1 
EARL R. GARRISON 
From the Department of Dairy Industry, Iowa State College 
Received June 19, 1940 
The fluorescent bacteria are important in the dairy industry because 
they grow rather rapidly at comparatively low temperatures and fre-
quently cause deterioration of milk and its poducts during holding. Four 
hundred and ninety-six cultures of these organisms were isolated from 
dairy products, water and miscellaneous sources and their general char-
acteristics studied. Selected cultures were also studied from the stand-
point of their resistance to heat, chlorine and sodium chloride and their 
action on butter. 
The attempts to isolate fluorescent bacteria from dairy products 
were much more successful when enrichment procedures, which involved 
holding the samples at 3° to 6°C. for several days before plating, were 
followed instead of plating the fresh products. The organisms were iso-
lated from 207 (61.9 per cent) of 334 milk samples, 87 (58.4 per cent) 
of 149 sweet cream samples, 5 (4.8 per cent) of 104 sour cream samples, 
7 (18.4 per cent) of 38 ice cream samples, 59 (31.9 per cent) of 185 butter 
samples, 56 (91.8 per cent) of 61 water samples and 15 (94.0 per cent) of 
16 samples of miscellaneous materials. 
The cultures isolated were all gram-negative, non-spore-forming 
rods with polar flagella. 
The fluorescigenic ability of the cultures studied was affected by a 
number of factors, the most important being the composition and pH of 
the medium, the oxygen supply and the incubation temperature. 
Absorption spectra studies indicated that the · fluorescent pigment 
produced by these organisms is not fluorescin, fluorescein or riboflavin, 
and that fluorescence in alkaline culture media is not due to the forma-
tion of diacetyl. 
All the cultures of fluorescent bacteria grew at 3° to 7°C. and at 
32°C., but many cultures failed to grow at 37°C., although a few grew 
at 45°C. 
The types of changes produced in litmus milk by the various fluor-
escent bacteria were (a) rapid proteolysis accompanied by a putrid odor, 
(b) rapid proteolysis with development of an amber colored solution and 
an indol-like odor, (c) alkaline reaction without proteolysis, (d) slight 
alkaline reaction followed by slow proteolysis, ( e) slight alkaline reac-
tion followed by an acid reaction but usually no coagulation and no re-
duction except at the bottom of the tube, and (f) formation of an acid 
ring with acid coagulation from the top down and reduction except at 
the surface; slight proteolysis and a May apple odor sometimes noted. 
1 Original thesis submitted June, 1940. Doctoral thesis number 570. 
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The cultures of fluorescent bacteria tested were still alive after 6 
months in skimmilk at room temperature and after 6 months in unsalted 
butter at 1° to 3°C. 
Milk cultures of fluorescent bacteria were regularly destroyed at a 
temperature of 57.2°C. for 30 minutes. The organisms, likewise, were not 
resistant to chlorine; in general they were destroyed within 5 minutes in 
water containing 10 parts per million available chlorine and within 2.5 
minutes in water containing 15 parts. 
Six per cent sodium chloride in beef extract-peptone broth inhibited 
the growth of some cultures of fluorescent bacteria but not of others; only 
a few cultures grew in broth containing 8 per cent sodium chloride. 
All the cultures of fluorescent bacteria grew in beef extract-peptone 
broth over a pH range from 5.5 to 10.0 (the highest tried), while many 
cultures grew at a pH of 4.5 and four grew at a pH of 4.0. When the pH 
of the original broth was high the organisms tended to decrease it and 
when the pH was low they tended to increase it. The ten cultures tried, 
likewise, grew fairly rapidly in sterilized skimmilk adjusted to a pH of 
5.0 and six of the cultures developed a bitter flavor in the milk after 
96 hours at 21 °C. 
In skimmilk, the most proteolytic culture studied produced consid-
erable increases in total nitrogen and amino nitrogen after 2 days at 21°C. 
and a considerable increase in ammonia nitrogen after 14 days, the first 
time that the ammonia content was determined.Thisculturealsoproduced 
significant increases in total nitrogen and amino nitrogen within 14 days 
at 5°C. 
In 7 days at 21 °C., 4 7 of 52 cultures produced some type of flavor de-
fect in unsalted butter churned (without butter culture) from sterile 
cream to which the organisms were added; at 1° to 3° C., 21 cultures pro-
duced flavor defects within 28 days. When butter culture was added to 
the cream before churning, flavor defects were produced in the butter 
held at 21 °C. by 36 cultures, while when 2 per cent salt was added to but-
ter made without butter culture, 25 cultures produced flavor defects. The 
off-flavors that developed in the unsalted butter made without the use 
of butter culture were unclean, cheesy, putrid, bitter, rancid and fruity; 
a combination of two or more of these flavors occurred in some butter 
samples. Two cultures produced color defects in the unsalted butter made 
without butter culture within 5 to 7 days at 21°C., one causing a bluish-
black and one a salmon-pink color. 
Fluorescent bacteria were isolated from 39 (34.5 per cent) of 113 
samples of fresh sweet cream butter obtained from several different 
plants. Nineteen of the samples that contained fluorescent organisms de-
veloped flavor defects during 6 to 8 days at 21°C.; with 12 samples the 
off-flavors were pronounced and were evident after 2 to 4 days. Rancidity 
was the most important defect that developed. Both rancid and cheesy 
flavors occurred in some samples but a pronounced cheesy flavor un-
accompanied by rancidity developed in only one sample. 
Five out of six samples of cottage cheese, obtained from different 
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plants and held in water at 3° to 6°C., contained fluorescent bacteria, but 
the organisms grew sufficiently in only two samples to be a possible 
factor in the deterioration of the cheese during 6 to 10 days. 
Two hundred and sixty-two of the 496 cultures of fluorescent bac-
teria isolated were identified as belonging to 10 different species in the 
genus Pseudomonas but the other 234 cultures could not be identified on 
the basis of the species described by Bergey, Breed, Murray and Hitch-
ens2. Two hundred and thirty-one of the unidentified cultures resembled 
Ps. fluorescens except in their nitrate reducing and hemolytic abilities; 
the other three cultures were also proteolytic but produced a water sol-
uble, brown pigment. The unidentified cultures were divided into Group 
I, Group II, Group III, and Group IV, but were not given species names. 
•Bergey, D. H., Robert S. Breed, E. G. D. Murray, and A. Parker Hitchens. 1939. 
Bergey's Manual of Determinative Bacteriology, 5th Ed. The Williams and Wilkins 
Co., Baltimore. 
THE PHENOMENON OF HOMOLOGY WITH LONG-CHAINED 
ALIPHATIC COMPOUNDS1 
FRED w. HOYT 
From the Department uf Chemistry, Iowa State College 
Received June 19, 1940 
The development of the concept of homology is reviewed and its 
application to long-chained aliphatic compounds is discussed. The physio-
logical effects of a number of long-chained compounds are reviewed. 
The investigations have provided certain new data relative to the 
limits of application of the phenomenon of homology, and concurrently 
there have been prepared compounds which might serve as derivatives 
for parent long-chained compounds, or which might exhibit some other 
useful property. 
The following amides and sulfonamides were prepared from long-
chained amines and the appropriate acyl chlorides: N-n-octadecylben-
zamide, m.p. 85-87° ; N-n-octadecyl-p-toulenesulfonamide, m.p. 89-91°; 
N-(p-acetaminobenzenesulfonyl)-n-octadecylamine, m.p. 130-131°; N-n-
octadecylstearamide, m.p. 96-97° ; and N-(p-toluenesulfonyl)-di-n-octa-
decylamine, m.p. 59-61°. Mild hydrolysis of N- (p-acetaminobenzenesul-
fonyl)-n-octadecylamine gave N-( p-aminobenzenesulfonyl)-n-octade-
cylamine, m.p. 118.5-120.5°. With phenyl isocyanate n-octadecylamine 
gave N-phenyl-N'-n-octadecylthiourea, m.p. 99-100°, and with phenyl iso-
thiocyanate, N-phenyl-N'-n-octadecylthiourea, m.p. 86.5-88°. Attempts to 
prepare N ,N-di-n-octadecylstearamide, N-pheny 1-N' -di-n-octadecy lurea, 
and N- (p-acetaminobenezenesulfonyl)-di-n-octadecylamine were un-
successful. An attempt to prepare tetra-n-octadecylammonium iodide by 
heating tri-n-octadecylamine with n-octadecyl iodide gave tri-n-octade-
cylamine hydroidide, m.p. 79.5-81°. Pentaerthrityl bromide and n-octa-
decylamine yielded an unidentified compound (m.p. 98-100.5°) rather than 
the desired tetrakis ( n-octadecy laminomethyl) methane. 
Esters used in the synthesis of long-chained barbituric acids were 
prepared from diethyl ethylmalonate and long-chained alkyl bromides. 
Those prepared were diethyl ethyl-n-dodecylmalonate, diethyl ethyl-n-
tetradecylmalonate, diethyl ethyl-n-hexadecylmalonate, b.p. 198-204° /2 
mm., d~8 0.9078, N~0 1.4478, and diethyl ethyl-n-octadecylmalonate, b.p. 
206-210° / 2 mm., m.p. 38.5-40°. Condensation of urea with the esters gave 
5-ethyl-5-n-dodecyl-barbituric acid, m.p.106-107.5°, 5-ethyl-5-n-tetradecyl-
barbituric acid, m.p. 104.5-106.5°; 5-ethyl-5-n-hexadecyl-barbituric acid, 
m.p. 103-104°; and 5-ethyl-5-n-octadecyl-barbituric acid, m.p. 108-109.5°. 
These compounds exhibit considerable depression in mixed melting 
points with successive homologs; therefore, their use as derivatives is 
proposed. 
' Original thesis submitted June, 1940. Doctoral thesis number 560. 
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Homologs of Phenacetin were prepared from long-chained-alkyl 
p-nitrophenyl ethers. The reaction of sodium p-nitrophenate with the 
alkyl bromides gave the intermediate ethers: n-dodecyl p-nitrophenyl 
ether, m.p. 48-49.5°; p-nitrophenyl n-tetradecyl ether, m.p. 58.5-61°; n-
hexadecyl p-nitrophenyl ether, m.p. 63-65°; and p-nitrophenyl n-octa-
decyl ether, m.p. 68-71°. Reduction of the ethers followed by acetylation 
gave p-acetaminophenyl n-dodecyl ether, m.p. 92-93°; p-acetaminophenyl 
n-tetradecyl ether, m.p. 95.5-97°; p-acetaminophenyl n-hexadecyl ether, 
m.p. 96-98°; and p-acetaminophenyl n-octadecyl ether, m.p. 100.5-102°. 
These compounds are suggested as derivatives since there is a marked 
depression in mixed melting points of successive homologs. 
Homologs of Dulcin were prepared by the reaction of potassium 
cyanate with p-alkoxyanilines. The two homologs prepared were [p-( do-
decyloxy)phenyl] urea, m.p. 131-133°, and [p-(tetradecyloxy)phenyl] 
urea, m.p. 130-131.5°. 
Attempts to prepare dihydrazides of long-chained malonic acids by 
reaction of mono-long-chain-substituted malonic esters with 100 per cent 
hydrazine hydrate were unsuccessful. Intermediate esters prepared from 
alkyl bromides and diethyl malonate were diethyl n-dodecylmalonate, 
diethyl n-tetradecylmalonate, and diethyl n-hexadecylmalonate. The 
physical constants (previously unreported) for the tetradecyl member 
were: b.p. 168-175°/2 mm., di8 0.9189, NJ0 1.4423. 
The p-alkoxyanilines were diazotized in an aqueous medium and 
coupled with ~-naphthol, giving 1-[p-( dodecyloxy) phenylazo ]-2-naph-
thol, m.p. 80-82°; 1-[p-(tetradecyloxy)phenylazo]-2-naphthol, m.p. 81-5-
830; and 1-[p-(hexadecyloxy)phenylazo]-2-naphthol, m.p. 82-84°. Diazo-
tization of N- (p-aminobenzenesulfonyl)-n-octadecylamine and the -n-
dodecyl homolog in aqueous medium, followed by coupling with ~-naph­
thol gave 1-[p-( N-n-octadecylsulfonamido )phenylazo ]-2-naphthol, m.p. 
158-159.5°; and 1-[p-( N-n-dodecylsulfonamido )-phenylazo ]-2-naphthol, 
m.p. 163-164°. 
n-Dodecyl bromide and diphenylamine gave N-n-dodecyldiphenyla-
mine, b.p. 198-202° /2 mm., Nt0 1.5432. n-Tetradecyl bromide and thio-
phenol gave phenyl n-tetradecyl sulfide, m.p. 39.5-41.5°. 
Attempts to sulfonate tri-n-octadecylamine in acetic anhydride with 
concentrated sulfuric acid and with fuming sulfuric acid were unsuccess-
ful. No sulfonation product was obtained with 20 per cent oleum alone. 
Attempts to metalate N-n-dodecyldiphenylamine by refluxing with 
n-butyllithium in ether for 29, 51, and 72 hours gave no metalation prod-
uct, and 93-96 per cent of the amine was recovered. Phenyl n-tetradecyl 
sulfide refluxed with n-butyllithium in ether for 52 hours gave only 
traces of benzoic acid upon carbonation; 64 per cent of the sulfide was 
recovered. With n-butyllithium in petroleum ether (b.p. 28-38°) phenyl 
n-tetradecyl sulfide gave no acidic product upon carbonation after 48 
hours of refluxing, and 92.1 per cent of the sulfide was recovered. Hexa-
decylbenzene (from Friedel-Crafts alkylation) with n-butylsodium in 
petroleum ether (b.p. 85-100°) at room temperature for 72 hours yielded 
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a small amount of acidic material upon carbonation; this has not been 
identified. N-ethyldiphenylamine with n-butyllithium in refluxing ether 
for 30 hours gave, subsequent to carbonation, an unidentified acidic 
product. 
It is concluded upon the basis of the experimental results that the 
phenomenon of homology can be extended to the majority of the long-
chained compounds included in these investigations. 
COMPARATIVE STUDIES ON THE OXIDATION OF POYLHYDRIC 
ALCOHOLS BY BIOLOGICAL AND NON-BIOLOGICAL MEANS1 
JOSEPH EvERETT HUNTER, JR. 
From the Department of Chemistry, Iowa State College 
Received June 19, 1940 
The transformation of the simple sugars into ethyl alcohol by yeast 
and into butyl alcohol and acetone by bacteria has been known for a num-
ber of years, but only recently has the investigation of the milder oxidizing 
action of the Acetobacter or sorbose bacteria been intensively studied. 
The bacteria were classified by Kluyver and Donker (1924) as "aerobic 
organisms with strong oxidative (dehydrogenating) powers, character-
ized by the direct dehydrogenation of glucose to gluconic acid in the 
presence of powerful hydrogen acceptors such as oxygen and methylene 
blue." 
Due largely to Bertrand's (1898) classical research with the sorbose 
bacteria their dehydrogenation action on polyhydric alcohols has been 
rather thoroughly investigated. Although more recent research has 
rather confused the problem of configuration in regard to dissimilation 
by Acetobacter, Bertrand's ideas on this subject are still generally ac-
cepted. He tested a number of polyalcohols in 2 per cent solutions con-
taining 5 per cent yeast water and concluded that when compounds made 
up of primary and secondary alcohol groups, as are the polyhydric alco-
hols, are oxidized by the sorbose bacteria, only the secondary alcohol 
grouping is attacked and converted into the ketone group in the beta 
position, and the dehydrogenation depends on the configuration of the 
molecule. The favorable configuration is that in which the beta and 
gamma hydroxyls are in the cis-position. To support these conclusions 
Bertrand (1898) reported that glycerol, erythritol, Z-arbitol, d-sorbitol, 
mannitol, persitol, and volimitol were dehydrogenated to beta-ketonic 
compounls, while Z-xylitol and dulcitol were not attacked. The mechan-
ism of the dehydrogenation is explained by assuming that the sorbose 
bacteria activate the beta hydrogen atoms in such a way that they are 
easily stripped off by oxygen or other hydrogen acceptors. 
The action of Acetobacter suboxydans which was first reported by 
Kluyver and de Leeuw (1924) differs from that of the other acetc acid 
bacteria as regards intensity of oxidation. Their action is so mild that 
glucose is dehydrogenated to gluconic acid or 5-keto-gluconic acid and 
no further even when the culture is artificially aerated. 
Fulmer, Dunning, Guymon, and Underkofler (1936) have studied 
the effect of concentration of sorbitol upon the production of sorbose by 
the action of Acetobacter suboxydans. They found that at an concen-
tration of 35 per cent sorbitol, or below, approximately 80 per cent can 
1 Original thesis submitted June, 1940. Doctoral thesis number 556. 
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be recovered as sorbose. The use of high concentrations of sorbitol affords 
an easy method for the production of sorbose in the laboratory and illus-
trates the mild action of these organisms. 
This peculiar action of Acetobacter suboxydans toward primary and 
secondary alcohol groups on the same molecule leads one to believe that 
there must be some fundamental difference between these alcohol groups 
as regards their behavior in the presence of oxidizing agents. 
It has been suggested that the preferential oxidizing action which 
the Acetobacter suboxydans shows toward secondary alcohol groups is 
due to the fact that secondary alcohol groups are oxidized at a lower 
potential than the primary alcohol groups of the same molecule. Cook 
and Major (1935), using the method described by Isbell and Frush 
(1931) , reported that 5-keto-gluconic acid as well as gluconic acid was 
formed when glucose was oxidized at an anode in the presence of sodium 
bromide. This finding together with the statement that "the sugar alco-
hols were found to be oxidized to ketones and then the oxidation charac-
teristic of ketones took place", made by Everett and Sheppard (1936) 
with reference to bromine, seems to substantiate the suggestion that the 
oxidizing action of the Acetobacter suboxydans is a matter of potential. 
In order to obtain data which would give some insight into the possible 
mechanisms of these oxidations a series of electro-chemical oxidations 
were carried out by using hydroxyl-containing compounds as depolar-
izers. 
It was decided that oxidation of the alcohols · at low current density 
would be more applicable in this case because a current of low amperage 
is easier to produce and control, and too, the heating effects are not nearly 
so great. The direct current source used was a vacuum tube rectifier 
which could supply a maximum of 250 m.a. at a maximum voltage of 450 
volts. The metal electrodes used were cut from thin sheet metal and the 
carbon electrodes were in the form of rods. Alundum diaphragms were 
used to minimize mixing of the solution in the anode compartment with 
that in the cathode compartment. In all cases the solutions were agitated 
by motor-driven propeller stirrers. 
Preliminary experiments were made using a variety of electrolytes 
and electrodes in solutions where compounds with only one functional 
group acted as depolarizers. It was found that carbon electrodes in the 
presence of halide electrolytes oxidized the secondary alcohol group in 
isopropyl alcohol, whereas lead electrodes in sulfate electrolytes, both in 
acid and neutral solutions, oxidize both primary and secondary alcohol 
groups. The course of each oxidation was followed by making analyses 
for acid formation and ketone formation, the latter by the Goodwin 
(1920) modification of the Messinger method. 
Using the results of these preliminary experiments as a guide, 
polyhydric alcohols were oxidized and the course of the reaction fol-
lowed by analyzing for acidity and reducing power. At the end of the 
reaction the resulting compounds could not always be conveniently 
separated from the original alcohol, so various specific tests were used 
to indicate what type of compounds were present. They are Schiff's 
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test for aliphatic aldehydes, Molisch test for carbohydrates, Selivanoff's 
test for ketoses, Bial's test for pentoses, and the phenylhydrazine re-
action. 
Certain impurities present in the solution in small quantities have 
been found to play a very important part in determining the course 
which a chemical reaction takes. In ordinary chemical reactions they 
are known as catalysts, in biological processes they are usually called 
enzymes, but in electrochemical reactions they are known as carriers. 
In the case of electrochemical oxidations they aid in the reaction by 
assisting the transfer of oxygen from the electrode to the depolarizer. A 
number of compounds were tried but only a very few appreciably 
affected the speed of the reaction. 
The results of all these experiments may be summed up by the 
following statements: 
(1) Isopropyl alcohol is oxidized quite readily to acetone at the 
temperature of melting ice by alkaline iodine solution while ethyl 
alcohol is oxidized only slowly. 
(2) A lead electrode in the presence of a sulfate electrolyte will 
oxidize both primary and secondary alcohol groups equally well. How-
ever, a carbon electrode in the presence of a halide electrolyte oxidizes 
a secondary alcohol group very readily and a primary alcohol group 
almost not at all. 
(3) Polyhydric alcohol solutions oxidized with lead electrodes in 
the presence of sulfate electrolytes reacted positively to Schiff's aldehyde 
test and negatively to Seliwanoff's test for ketoses. These tests would 
indicate that the alcohol molecule has been badly degraded. 
( 4) Polyhydric alcohol solutions oxidized with carbon electrodes 
in the presence of sodium bromide reacted negatively to Schiff's alde-
hyde test and positively to Seliwanoff's test for ketoses, indicating the 
absence of degradation. 
(5) Bial's test for pentoses showed the presence of a pentose in the 
solution whose oxidation was catalyzed by vanadium pentoxide. This 
test also substantiated the Seliwanoff test in every case. 
(6) The color tests used indicate that on very mild oxidation, 
polyhydric alcohols tend to be oxidized to ketonic compounds. However, 
in the presence of more vigorous oxidizing con~tions the polyhydric 
alcohol molecule seems to be attacked at several points. 
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GROWTH CORRELATIONS IN MAIZE SEEDLINGS1 
FREDERICK DOUGLASS INGE 
From the Department of Botany, Iowa State College 
Received June 19, 1940 
lodent, Hopi Indian and several strains of hybrid corn were used 
in studies of the distribution of maize seedling growth among the coleop-
tile, plumule, first internode of the epicotyl and the roots. 
Irradiation of germinating seeds, just breaking the pericarp, with 
sunlight or with carbon arc light did not affect the subsequent growth 
of the seedlings. Illuminating the coleoptile tip resulted in a sharp 
shift from internode to leaf and nodal root growth. Shorter periods of 
high light intensity were as effective as longer periods of low intensity. 
Exposures of five minutes at 100 f .c. significantly affected the corre-
lative development of the seedlings. Irradiation with a sunshine carbon 
arc was somewhat more effective than irradiation with a Mazda lamp. 
First internode growth was effectively inhibited by three decapita-
tions of the coleoptile tip at four-hour intervals, or by the complete re-
moval of the coleoptile, from seedlings grown in the dark. 
The data from these experiments show that there is a positive corre-
lation between growth of the first internode and growth of the coleoptile, 
and a negative correlation between first internode growth and develop-
ment of the plumule. Auxin appears to be the main factor influencing 
these correlations. Many data indicate that auxin in the coleoptile tip 
may be destroyed or inactivated by light. In the normal growth of 
maize seedlings, as soon the coleoptile reaches the surface of the soil, 
the auxin supply is reduced by the action of light and the elongation of 
the first internode stops. Plumule growth is immediately accelerated. 
Hetero-auxin paste applied to the coleoptile during or immediately after 
an exposure to light sufficient to cause this growth shift, in a large 
measure nullified the effect of light. 
Correlations between roots and tops of seedlings were less striking. 
Root growth was moderately depressed during the period of rapid auxin 
activation by the coleoptile, but was not reduced by relatively high con-
centrations of indoleacetic acid in a lanolin paste applied to the decapi-
tated first internode stumps. Decapitation of the first internode in-
creased root growth of seedlings in either dark or light, but normal 
plants in light at 100 f .c. consistently made better growth than the 
dark controls. The difference is not considered to have been due to 
photosynthesis, since 100 f.c. is usually below the compensation point 
for maize. 
Growth of roots at the coleoptile node was positively correlated 
with plumule growth. Any exposure to light of sufficient intensity to 
1 Original thesis submitted June, 1940. Doctoral thesis number 557. 
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check first internode growth and accelerate plumule growth also stimu-
lated growth of roots at the coleoptile node. Histological studies showed 
that nodal root primordia became active in dark grown plants after four 
or five days of growth without exposure to light. Internode growth 
stopped and plumule development became active at the same time. It 
appears that after about five days of growth in the dark at room tem-
perature, either the auxin precursor in the endosperm became exhausted, 
or the aging coleoptile tip became inactive, resulting in a decreased auxin 
supply and a shift in growth from first internode to plumule without 
outside stimulation. Presumably added auxin would delay this shift. 
Once made this change in growth, regardless of the cause, was largely 
irreversible, apparently because of the differentiation of the cells of the 
intercalary meristem. 
It was observed that plants grown in the dark and plants grown 
under various light treatments had essentially the same total dry weights. 
It appears that light did not influence translocation of food materials 
from the endosperm, but was rather a factor in determining the place 
where the food materials were used. Auxin paste applied to the tips of 
decapitated coleoptiles apparently increased translocation from the 
endosperm. Auxin treated plants were usually larger than dark con-
trols but the proportional distribution of growth was essentially the 
same. 
Analyses of etiolated and illuminated plants suggest that the diffuse 
meristem of the first internode cannot readily convert simple organic 
nitrogenous compounds into the complex protein molecules of proto-
plasm without the aid of a continuous supply of auxin. The massed 
apical meristem apparently does not need an external supply of auxin 
to insure the utilization of soluble organic nitrogen. The presence of 
added auxin, on the contrary, inhibited apical growth. The abundant 
supply of auxin during early seedling development is considered to 
be responsible for rapid utilization of soluble organic nitrogen by the 
diffuse meristem of the first internode, with resulting growth of this 
region. At the same time differentiation of the cells of the diffuse inter-
calary meristem region was prevented or delayed, and the leaf and root 
meristems were inhibited. 
INTERMEDIARY DISSIMILATION OF CARBYHYDRATES BY THE 
COLl-AEROGENES BACTERIA1 
MILO NORVAL MICKELSON 
From the Department of Bacteriology, Iowa State College 
Received June 19, 1940 
Although the physiology of the coliform bacteria has been the sub-
j ect of investigation for a long time, this work was undertaken not only 
to extend our knowledge of the metabolism of these organisms but also 
to clarify some of the existing contradictions regarding their carbo-
hydrate metabolism. Investigations of this type are of vital interest to 
those concerned with the classification of bacteria, and are likewise of 
importance with respect to the possible practical significance of the use 
of bacteria for the preparation of useful chemicals. The influence of 
environmental factors on the dissimilation of glucose, glycerol, pyruvic 
acid and several phosphoric acid esters of carbohydrates was studied. 
Pyruvic acid is attacked anaerobically by either resting or pro-
liferating cells of Aerobacter indologenes to form products normally 
obtained from glucose. Under ordinary conditions (pH 6.0-6.3) resting 
cells form 2,3-butylene glycol, acetic and formic acids, carbon dioxide 
and hydrogen. Growing cells form less 2,3-butylene glycol, consider-
able ethyl alcohol and small amounts of lactic acid. When the medium 
is kept at pH 7.0 or above, resting cells form only formic and acetic acids. 
When the cells are grown on a glucose medium, which is kept alka-
line and then centrifuged, and placed on pyruvic acid substrate, the 
tendency to form 2,3-butylene glycol is decreased. The development of 
the mechanism for forming acetylmethylcarbinol and 2,3-butylene gly-
col is retarded at high pH. 
Under ordinary conditions of metabolism resting cells of Escheri-
chia coli and Citrobacter freundii do not form 2,3-butylene glycol from 
pyruvate but instead lactic acid is formed as a reduction product. 
Hexosediphosphate is readily attacked by A. indologenes to yield 
products normally obtained from glucose under similar conditions. 
Phosphoglyceric acid and a-glycerophosphoric acid are attacked in the 
presence of glucose but the latter acid is attacked with difficulty. In 
the presence of 0.02 M sodium fluoride, the dissimilation of glucose by 
Aerobacter, although inhibited, proceeds with the formation of the 
usual products. 
If the fermentation of glucose by Aerobacter is carried out at pH 
7.0 or above, the formation of acetylmethylcarbinol and 2,3-butylene 
glycol is practically stopped. Large yields of volatile acids result and 
the formation of carbon dioxide and hydrogen is greatly suppressed. 
Under acid conditions, pH 6.0-6.3, the volatile acid yield is low, and the 
' Original thesis submitted December, 1939. Doctoral thesis number 546. 
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carbon dioxide and 2,3-butylene glycol yields are high. Under these 
conditions, added acetic acid is reduced. Under alkaline conditions, 
added acetic acid is not attacked and small amounts of succinic and lactic 
acids are formed. Complete carbon recoveries were not obtained in the 
alkaline fermentation. The unrecovered carbon is non-volatile, neutral 
and insoluble in ether. Indications are that it is a polymer of some 
intermediate formed during the breakdown of sugar. 
When acetic or propionic acid is added to a glucose fermenting cul-
ture of A. indologenes at pH 6.0-6.3, the acids are reduced resulting in 
decreased hydrogen yield and an increase in 2,3-butylene glycol. Pro-
pionic acid is reduced to propyl alcohol and there is no five or six car-
bon glycol formed. There is a decrease in ethyl alcohol equivalent to 
the propionic acid reduced and a simultaneous equivalent increase in 
2,3-butylene glycol. This suggests that when acetic acid is reduced, it 
acts similarly to the propionic acid and does not itself actually enter 
into the formation of the 2,3-butylene glycol. 
Formic acid is more vigorously attacked in an acid medium than 
in alkaline medium, however, attempts to cause a reduction of acetic 
acid by cell suspensions of A. indologenes with formic acid as a hydro-
gen donator were unsuccessful. 
When acetaldehyde is added to a glucose fermenting culture of 
A . indologenes which is kept at pH 7.0 or above, the aldehyde is con-
verted to equimolar quantities of ethyl alcohol and acetic acid. When 
it is added to a fermentation at a pH 6.0-6.3, increases are noted in 
acetylmethylcarbinol, acetic acid and ethyl alcohol and a decrease in 
hydrogen. 
Under similar conditions, propionaldehyde and butyraldehyde are 
reduced to the corresponding alcohols with some of the butyraldehyde 
going to butyric acid. There are small increases in carbon dioxide, 
small amounts of succinic acid are formed and decreases in ethyl al-
cohol are noted. There is no increase in acetylmethylcarbinol. 
Fumaric acid added to a glucose fermenting culture of Aerobacter 
is reduced to succinic acid but no increased formation of 2,3-butylene 
glycol occurs. 
Aeration and pressure aeration at three atmospheres pressure 
caused increases in acetylmethylcarbinol but the yield of acetylmethyl-
carbinol plus 2,3-butylene glycol remains the same as that of an 
anaerobic dissimilation. The yield of ethyl alcohol is diminished with 
a corresponding increase in carbon dioxide and acetic acid. Added 
acetic acid is reduced in spite of the increased oxygen tension. Gaseous 
hydrogen apparently is oxidized by oxygen under pressure but not 
when aerated at atmospheric pressure. 
Cell suspensions of Aerobacter form large yields of succinic acid 
from glucose in contrast to growing cells which form none under usual 
conditions in an inorganic salts-glucose medium. 
Cells of Aerobacter which have been grown in an alkaline glucose 
medium, ferment glucose much more rapidly in an alkaline than in an 
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acid medium. They are very sensitive to acid, and form little 2,3-
butylene glycol. Apparently under alkaline conditions, the mechanism 
for forming 2,3-butylene glycol and reducing acetic acid does not 
develop. Fermentation of glucose at pH 6.0-6.3 by cells of Aerobacter 
grown in an alkaline medium gives products resembling the usual fer-
mentation of glucose by E. coli. 
In studying the fermentation of glycerol by the coli-aerogenes in-
termediates yields of trimethyleneglycol, ranging from 30 to 60 per 
cent of the fermented glycerol, are obtained in a mineral salts-glycerol 
medium. In the presence of calcium sulphite considerable acrolein is 
formed in fermentations by Citrobacter freundii. Attempts to demon-
strate the intermediary role of acrolein in the formation of trimethy-
leneglycol by adding it to glycerol fermenting cultures were unsuccess-
ful. Neither fumaric acid nor sulphite prevents the formation of tri-
methyleneglycol. Other products of the fermentation are carbon dioxide, 
hydrogen and acetic, formic, lactic and succinic acids and ethyl alcohol. 
Contrary to previous results, four strains of A. aerogenes ferment 
glycerol in a mineral salts-glycerol medium and convert approximately 
45 per cent of the fermented glycerol to trimethyleneglycol. Traces of 
acetylmethylcarbinol and considerable 2,3-butylene glycol are formed 
but no succinic acid. Other products are carbon dioxide and hydrogen, 
acetic, formic and lactic acids. On the basis of these results trimethy-
leneglycol formation cannot be used as a character to separate Aerobac-
ter from the intermediate coli-aerogenes bacteria. 
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Pseudomonas fragi appears to be one of comparatively few species 
that cause practical difficulties in dairy products. Because it is lipolytic 
and psychrophilic, it is particularly important in butter and other dairy 
products stored at relatively low temperatures. This investigation was 
undertaken primarily to supply data concerning its distribution and 
habitat. 
Samples examined included those from normal and defective dairy 
products, dairy plant equipment and water supplies and water, soil, bed-
ding, feed, hay, milking utensils, miscellaneous barn equipment, barn 
floors, dusty ledges and cows. Following an enrichment process (inocula-
tion of samples into litmus milk and 7to10 days incubation at 5° to 10°C.) 
platings were made on beef infusion or beef extract agar to which nile-
blue sulfate (1-10,000) and fat emulsion had been added. Promising 
colonies which developed on the plates were picked into litmus milk and 
those which produced a typical May apple aroma were saved for further 
identification. 
Most of the samples originated in Iowa but a considerable number 
were obtained in Kentucky and a few in other states. Accordingly the 
data are presented in three sections. 
From 5 to 21 samples were obtained at intervals from the milk sup-
plies from 14 farms on delivery at an Iowa milk plant. Ps. fragi was found 
one or more times in the supplies of 10 (71.4 per cent) of the 14 farms. 
The percentages of samples from these 10 farms that yielded Ps. fragi 
ranged from 7.7 per cent to 42.9 per cent and averaged 20.6 per cent. The 
organism was found in seven (7.7 per cent) of 91 samples obtained in 
October, in 16 (22.9 per cent) of 70 samples in November and in 6 (40.0 
per cent) of 15 samples obtained from December to May. Of 176 milk 
samples examined, 29 or 16.5 per cent yielded Ps. fragi. A sample of raw 
cream separated from milk delivered by some of the above producers 
also yielded it. 
Samples of defective dairy products examined in Iowa yielded the 
organism in 20 (62.5 per cent) of 32 instances. These samples included 
butter, butter serum, pasteurized cream and raw skim milk. It was found 
in 14 (70.0 per cent) of 20 samples criticised as rancid or having a May 
apple odor. 
Ps. fragi was found in only 6 (5.8 per cent) of 104 samples from 
equipment in 39 Iowa creameries and 1 milk plant. 
1 Original thesis submitted June, 1940. Doctoral thesis number 566. 
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Of 30 Iowa dairy plant water supplies examined, 3 (10.0 per cent) 
yielded Ps. fragi. 
On nine visits during winter and spring months to 6 of the 14 farms 
supplying milk to the above milk plant, 137 samples were obtained. 
These samples were from water (19) , soil (14), feed (17), bedding (9), 
cows (15), milking utensils (14), miscellaneous barn equipment (29), 
barn floors and ledges (19) and manure (1). The percentage of samples 
of each type yielding Ps. fragi were: water 57.9, soil 57.1, feed 47.1, bed-
ding 88.9, cows 33.3, milking utensils 14.3, miscellaneous barn equipment 
55.2, barn floors and ledges 63.2 and manure 100.0. In all, 71 (51.8 per 
cent) of the 137 samples yielded the organism. 
Seventeen samples of milk delivered to a Lexington, Kentucky, milk 
plant in June did not yield Ps. fragi, but it was isolated from 16 (40.0 
per cent) of 40 samples delivered to the same plant in December. 
It was found in each of two samples of skim milk which developed a 
May apple aroma on storage in a refrigerator at Lextington. 
Samples from water, soil, feed, miscellaneous barn equipment and 
barn floors and ledges obtained during the summer season on ten Ken-
tucky farms yielded Ps. fragi in only 2 (4.1 per cent) of 49 instances. Both 
were samples of feed; one of grain and the other of hay. However, 99 
similar samples obtained on nine Kentucky farms during the winter sea-
son yielded it in 37 (37.4 per cent) of the instances. The percentage of 
samples of each type yielding Ps. fragi were: water 75.0, soil 78.6, feed 
16.7, bedding 50.0, milking utensils 0.0, miscellaneous barn equipment 
19.0, and barn floors, ledges, etc., 36.8. In all, it was isolated from 39 
(26.4 per cent) of 148 samples obtained on Kentucky farms. 
Samples of barnyard soil were obtained from State Agricultural 
Colleges in 33 states in the United States. Ps. fragi was found in 23 
(69.7 per cent) of these samples. Samples from 18 (90.0 per cent) of 20 
states in the eastern portion of the United States (Minnesota to Louisi-
ana and eastward) yielded it, while it was found in samples from only 5 
(38.5 per cent) of 13 states in the western portion of the country. 
Procedures used in identification of the cultures isolated showed the 
cultures to be consistent in a majority of their characteristics. A few 
varied in their ability to coagulate litmus milk, produce acid from 
arabinose and liquefy gelatin. 
Aroma production by Ps. fragi was speeded up in litmus milk and 
peptone broth and on beef infusion or beef extract agar when a small 
amount of ethyl alcohol was added to the medium. Other alcohols tried 
were not effective for this purpose. 
Distillation of peptone cultures, followed by extraction of the dis-
tillate with ether, showed the aroma material produced by Ps. fragi to 
be ether soluble. In relatively high concentration, the odor of the mate-
rial left after evaporation of the ether suggested the odor of plum blos-
soms, but in relatively low concentrations it resembled the May apple 
aroma which is so characteristic of Ps. fragi. 
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The possibility of making the endosperm protein, or gluten, of com 
available for more widespread industrial use is largely dependent upon 
finding economical methods for purifying the crude material. The pres-
ent work is intended to furnish a background for possible solutions to 
the problem of removing the carotenoid coloring matter which accom-
panies the gluten-a problem which any purification process would have 
to solve. 
In particular it was desired (a) to learn if the carotenoids were the 
only pigments present and (b) to find (using the chromatograph) if the 
carotenoids were altered as the gluten is processed by present commer-
cial methods. Such methods include subjecting the gluten to heat, dilute 
acid, and air oxidation. 
The literature (1, 2) indicates that only three carotenoids-zeaxan-
thin, cryptoxanthin, and beta-carotene-are present in corn. The absence of 
non-carotenoid pigments was indicated, since it could be shown experi-
mentally that the pigment in corn was completely extracted wtih solvents 
and completely absorbed on the chromatograph. Further, the gluten 
obtained directly after softening the com kernel was completely bleached 
with enzymes. 
The study of the isomerized carotenoids was more complex than 
anticipated. Recent literature (6) shows that the carotenoids are more 
sensitive to change than hitherto supposed, even continued standing or 
short heating of a pigment solution causing the formation of new pig-
ments. Although there have been no published reports as to the action 
of dilute acid upon zeaxanthin, the main com pigment, experiments with 
lutein (3, 4) suggest that numerous isomerized pigments would be 
formed. In view of these facts it was imperative to use only those experi-
mental methods which would leave no doubt that any pigment isolated 
was actually present in the corn gluten and did not arise during the isola-
tion process. 
EXPERIMENTAL METHODS 
The customary methods for pigment analysis were studied with the 
following results: 
1. The presence of acidic and saponifiable materials in the pigment 
solutions prevented adsorption on milder adsorbents. Adsorption on 
stronger adsorbents was impractical since closely related pigments were 
' Original thesis submitted June, 1940. Doctoral thesis number 569. 
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not separated from each other and the subsequent removal of the co-
adsorbed oils was not possible without color loss. 
2. Partition between 90 per cent methanol and Skelly A, followed 
by alkali washing, made it feasible to adsorb the zeaxanthin pigments 
on CaC03 • Ordinary powdered C.P. CaC03 was a poor adsorbent. 
CaC03 made by precipitation from concentrated solutions of CaC12 and 
Na2C03 and mixed with Hyflo Super Cel was more suitable. 
3. The cryptoxanthin pigments could be purified satisfactorily only 
by saponification. The recovery of pigments from soap solutions was im-
proved by precipitating the soaps with salt water and centrifuging the 
separated soaps with solvent in the presence of concentrated alkali. The 
pigment solutions thus purified could be adsorbed on deactivated alumina 
(active material moistened with water and dried at 105°C.). 
Since the saponification process was rather lengthy, it was impossible 
to be sure that isomerization had not occurred. Fortunately, the major 
pigment, zeaxanthin, and its heat-labile isomers were in the methanol 
layer and this fraction could be worked up in as little as ten hours. 
Evaporation of solutions was avoided by working on a smaller scale 
(200-300 grams of gluten) and by using a combination of benzene and 
Skelly A in extraction processes. 
The procedure used for chromatographic analysis was essentially 
that outlined by Zechmeister (5). Petroleum ether (b.p. 28°-30°C.) 
alone or mixed with benezene (with additions of small percentages of 
acetone for developing) was used as the solvent; acetone and alcohol 
were used as eluting agents; the solvent was forced through the column 
under nitrogen pressure. The elution liquors were evaporated below 
room temperature and further purification and crystallization processes 
were conducted entirely at or below room temperature. 
EXPERIMENTAL RESULTS 
Employing the above modifications, the pigments were isolated from 
(a) whole corn, (b) gluten obtained from corn after softening the kernel 
by heating at 50°C. for two days with dilute aqueous S02, (c) gluten 
after acid hydrolysis to remove contaminating starch, and ( d) "xantho-
phyll oil" , the residue in the commercial solvent extraction process for 
obtaining zein. 
For comparison, zeaxanthin and cryptoxanthin were isolated from 
Chinese Lantern plants2 and the purified zeaxanthin was isomerized by 
heat, acid, and air under controlled conditions. From these latter experi-
ments, the following data were found: 
1. Heating zeazanthin in benzene results in the formation of neoze-
axanthins A and B, as shown by Zechmeister. The B isomer, as isolated, 
differed somewhat in properties from those described by him. Melting 
point 108°-109° (92°C.); adsorption maxima, 480 and 453 mµ (489 and 
457112). 
2. Eighty-three per cent of the zeaxanthin heated with dilute acetic 
• Physalis Alkeke11{1i. 
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acid was recovered unchanged. Zeozeaxanthin A was the main isomer-
ized pigment formed. 
3. Heating zeaxanthin with dilute HCl results in the formation of at 
least ten new pigments. Neozeaxanthins A and B are formed in largest 
amounts, while about one-half of the zeaxanthin was recovered un-
changed. Of the other pigments (all are oils) some lie above zeaxanthin 
in the chromatogram and others (five bands) lie below it. One of these 
latter was found to resemble cryptoxanthin both in partition and in ad-
sorption affinity. On deactivated alumina it could not be distinguished 
from cryptoxanthin. On CaC03 the two pigments formed one broad 
band in which the cryptoxanthin was in the top portion while that de-
rived from the zeaxanthin was largely in the lower lighter-colored 
portion. 
4. Bubbling air through a solution of zeaxanthin in benzene and 
alcohol for two days at room temperature left at least 80 per cent of the 
pigment unaltered. A small amount of neozeaxanthin A or B as well as 
two ill-defined partially oxidized pigment bands were evident in the 
chromatogram. 
From the experiments on corn it was found that: 
1. In addition to the three pigments known to be present in whole 
untreated corn, traces of three pigment bands lying above zeaxanthin 
were found. Two of these were probably neozeaxanthins A and B formed 
in part during the extraction process, or possibly present in the corn 
itself. 
2. In gluten isolated after softening the kernel, there were present 
a large number of pigment bands, most of which were above zeaxanthin 
in the chromatogramm. None of these pigments was present in large 
amount; the greater part of the extracted pigment in the zeaxanthin 
fraction was unchanged zeaxanthin. 
3. The pigments in gluten subjected to acid hydrolysis to remove 
the starch are similar to those formed in the control experiment with 
zeaxanthin and dilute HCl. It was estimated that well over half of the 
zeaxanthin was transformed into other derivatives. 
4. In "xanthophyll oil" both neozeaxanthins A and B were isolated, 
the latter in crystalline form (m.p. 116°-117°C.). Beta-carotene was 
isolated in crystalline form from this material. 
DISCUSSION 
In none of these experiments on corn were there any large amounts 
of pigment bands present which could be identified as partial oxidation 
products. All of the major isomerized bands appeared to arise either from 
heating or acid treatment, as could be shown by mixed micro-adsorption, 
melting point, similarity in position in the column, color of the band, and 
adsorption spectra, as compared with derivatives prepared under con-
trolled conditions. 
The resistance of the carotenoids to oxidation as indicated by the 
above results is confirmed by the persistence of the yellow color of the 
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gluten. Although the material is exposed to air throughout the entire 
commercial process, the final product is not noticeably less yellow than 
that which may be obtained at the earliest stages. 
The fact that one of the acid isomerized pigments arising from 
zeaxanthin is practically identical with cryptoxanthin in both partition 
and in behavior in the column indicates that the usual methods of analy-
sis for the latter jigment as a measure of the vitamin A potency of corn 
products would not give true values in cases where the corn has been in 
contact with acid. 
From the experiments carried out, as well as from the literature 
pertaining to the chromatographic process, it is suggested that the ad-
sorption is controlled by acid-base factors in non-aqueous solutions. The 
basic role of the hydrogen ion in the aqueous adsorption is of course 
well known. 
By assuming that the hydrogen ion or its equivalent is also a con-
trolling factor in the non-aqueous chromatograph, then the following 
phenomena ar explainable: 
1. The solvents used are neutral-neither basic nor acidic. 
2. The adsorbents used are alkaline or acid adsorbing. 
3. Alcohol, or acetone and acetic acid, cause development and elution 
in proportion to their "acid strength". 
4. Carotenoids are adsorbed in proportion to their acidity. Esterifi-
cation reduces the acidity and consequently the adsorption affinity. 
5. The co-adsorption of two different compounds occurs because 
both have the same "acidity". 
6. The difficulty of extracting the carotenoids from soaps arises be-
cause they are chromatigraphically adsorbed on the colloidal soap mole-
cules. 
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RING CLOSURE OF OPTICALLY ACTIVE SUCCINIC ACID 
DERIVATIVES1 
MARGUERITE NAPS 
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The relationship between optical rotary power and the electrical 
character of the groups attached to the asymmetric carbon atom has 
been noted by several investigators. Hixon and Johns2 have classified 
organic radicals on the basis of electron-sharing ability as determined by 
the ionization constants of amines and carboxylic acids. Burch3 found 
that there is a qualitative relationship between the molecular rotations 
of a series of alpha substituted ethylamines, and the electron sharing 
ability of the organic radicals. Bulbrook4 found a similar relationship for 
a series of alpha substituted pyrrolidines. 
The rotary power of compounds depends, however, on more factors 
than simply the electronegativity of the groups. Using ionization con-
stants of organic bases as a measure of the electronegativity of the radi-
cals, one finds that a radical substituted in the alpha position in the 
pyrrolidine ring gives a compound with an ionization constant nearly 
equal to that obtained by substituting the same radical in the alpha 
position in ethylamine. The rotatory powers of these compounds are, 
however, very different. From this it seems likely that the closed ring 
in the pyrrolidines has a great effect upon their rotatory powers. 
The investigation undertaken was the study of the effect of ring 
closure, and of electron-sharing ability of organic radicals on rotatory 
polarization. Optically active derivatives of mono-substituted succinic 
acids were chosen for the work, since the straight chain compounds can 
be converted to cyclic anhydrides and cyclic amides without direct alter-
ation of the asymmetric carbon atom. 
The optically active succinic acids prepared were the following: 
methylsuccinic acid, phenylsuccinic acid, p-anisylsuccinic acid, o-chloro-
phenylsuccinic acid, and cyclohexylsuccinic acid. The preparation of the 
following series of derivatives was attempted for each optically active 
acid: anhydride, amic acid, N-methylamic acid, anilic acid, imide, N-
methylimide, and anil. 
The results of the measurements of the optical rotatory powers of the 
acids in alcohol and in acetone and for some compounds in benzene, ethyl 
acetate and chloroform are summarized as follows: 
'Original thesis submitted August, 1939. Doctoral thesis number 542. 
'Hixon and Johns,, J. Am. Chem. Soc. 49:1786. (1927). 
•Burch, Doctoral thesis, No. 319. Library, Iowa State College. (1935). [Unpub-
lished] . 
• Bulbrook, Doctoral thesis, No. 350. Library, Iowa State College, (1935). [Un-
published]. 
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1. The dextro-rotatory forms of phenylsuccinic acid, o-chlorophenyl-
succinic acid and cyclohexylsuccinic acid have the same configuration. 
2. The molecular rotations of the substituted succinic acids exhibit 
no obvious correlation with the electron-sharing abilities of the radicals. 
Many interesting facts are observed in the study of the optical 
activity of the derivatives of the acids. Most of these relationships can 
be readily observed in the table of data below. Special attention should 
be drawn to several facts not shown in the table. First, the amic and 
some N-methylamic acids undergo racemization in boiling water. Sec-
ond, the anils racemize in acetone and in acetic acid, but not in benzene 
or ethanol. Third, ring closure of the N-methylsuccinamic acids with 
acetyl chloride yielded racemic products. Fourth, the preparation of 
imides from optically active acids by reactions using high temperatures 
resulted in complete racemization. 
Rotary power of optically active succinic acids and their derivatives 
(Prepared from dextro-rotatory acids) 
Anilic N-methylamic 
Radicals Acids Anhydrides acids Anils acid 
[M] n (ethanol) 
Cyclohexyl + 52.66 + 16.94 + 88.66 
Methyl 16.25 36.63 23.62 
-106.0 
+ 8.5 
p-Anisyl 304.5 196.3 460.9 +339.26 
Phenyl 287.6 172.36 408.75 + 72.11* 
o-Chlorophenyl 262.9 95.85 397.0 - 78.86 -j-253.0 
[M]n (acetone) 
Cyclohexyl + 76.69 + 8.56 + 92.51 -117.73* 
Methyl 22.86 35.71 34.4 
p-Anisyl 348.4 260.03 -j-102.95- -j-283.9 
+ 55.7* 
-115.61 } A5461 
Phenyl 342.0 198.02 417.6 
o-Chlorophenyl 256.5 104.68 424.3 
- 66.58 } + 92.5 - 69.1 A5461 
- 54.86 +223.5 
* Racemized. 
APPRAISAL OF GRASSHOPPER CONTROL METHODS IN 
SASKATCHEWAN1 
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Data . are presented on a detailed analysis of actual methods and 
results of grasshopper control on blocks of individual farms from repre-
sentative areas of Saskatchewan in 1934. This appraisal was based en-
tirely upon actual farm records which were secured after harvest by 
personal interviews of entomologists with every farmer in the 31 blocks 
of contiguous farms. The data were obtained by standardized methods 
of agricultural economics; these methods and the methods of appraising 
the data are discussed in detail. The results are expressed both in re-
turns per seeded acre and percentage crop destroyed. 
This investigation included records from 289 farms, consisting of 
1620 fields and totalling 83, 709 acres of seeded crop. 
Crop valued at $605.61 was saved per farm as a direct result of the 
control of grasshoppers. The average crop loss was 24 per cent, while 
without control the damage would have been almost three times as great, 
66 per cent. For each dollar expended on bait materials a saving of $48.00 
worth of crop resulted. When based upon the cost of bait materials and 
of local municipal organization the saving was $32.00 for each dollar 
spent. This, when expressed in terms of seeded acreage, showed that an 
average gross saving of $2.09 was obtained from a total bait cost of 6.5 
cents. 
An outstanding feature was that in each block the returns per 
seeded acre varied considerably. In fact the farms with the maximum 
returns within each block averaged $6.63 per seeded acre as compared 
with $1.54 for the farms with the lowest returns, and $3. 76 per seeded 
acre for all farms. High returns were correlated with low percentage 
crop loss. The analysis revealed that there was no statistical difference 
between the amounts of bait used by the maxima and the minima, but 
that the best returns were from farms where a larger proportion of the 
crop was sown on uninfested summerfallow. The maxima had also used 
tillage to greater advantage to control nymphs before crops were in-
vaded. It is especially significant that where seeding was restricted to 
uninfested land and where protective tillage was used efficiently, much 
better returns were secured with no more bait and in fact in some cases 
less bait was required for effective control of grasshoppers. Farmers 
who planned their work were able to prepare all their new summerfallow 
for the following year as contrasted with those who used their entire re-
sources to seed larger acreages. In one block, a farmer who "stubbled-
1 Original thesis submitted March, 1940. Doctoral thesis number 554. 
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in" his entire crop and made little effort to control grasshoppers had the 
crop completely destroyed, while a neighbor who seeded only summer-
fallow and protected this crop by proper use of tillage and poisoned bait 
had only 7 per cent less and harvested a crop worth $6.19 per seeded acre. 
Other striking contrasts were obtained in many areas. 
By grouping blocks of farms according to types and intensities of in-
festations and to agricultural practices it was shown that the importance 
of individual control factors varied according to the particular situation, 
but that in every area the returns per seeded acre were significantly 
correlated with at least one control factor. With severe stubble infesta-
tions, that is, Melanoplus maxicanus mexicanus (Sauss.), the returns 
were highly correlated with the proportion of crop sown on uninfested 
fallow. With sod infestations of Camnula pellucida Scudd., the use of 
tillage to prevent invasion of nymphs, and the timely spreading of poi-
soned bait were more important than the method of seeding. When 
nymphs were poisoned on eggbeds less bait was required than if they 
invaded the crop. 
Fall and spring plowing were equally efficient in reducing egg in-
festations in stubble fields and were more effective than shallow fall till-
age, which in turn was superior to shallow spring tillage and no prepara-
tory tillage. 
In areas with severe stubble infestations the gross returns per seeded 
acre from crops on fallow were two to three times greater than from any 
crops sown on infested stubble. Crops sown with only shallow spring 
tillage or with no preparatory tillage generally had the most grasshopper 
damage and produced the poorest crops; farmers almost invariably con-
demned "stubbling-in" under these conditions. Only in some areas of 
heavy soil or where the stubble infestations were light did this latter prac-
tice prove profitable. 
Seeding before May 15 resulted in higher returns than seeding after 
this date. 
The control of grasshoppers in Saskatchewan in 1934 was both prac-
tical and economically sound even under conditions of very severe infes-
tations and of drouth, according to 93 per cent of the farmers in this 
study. Successful control was closely associated with good farming 
practices and in most instances required little or no added farm expense. 
By proper adapting and timing of the normal agricultural practices ex-
cellent results were obtained with the minimum of cost, time, effort and 
poisoned bait. 
On the basis of the present analysis the following control program 
has proven most efficient in minimizing crop losses from severe stubble 
infestations of grasshoppers and in producing better net returns. Farm 
operations should be carefully planned so that limited resources may be 
used to the best advantage. (1) Land already prepared, summerfallow 
and fall worked land, should be seeded. (2) Sufficient fodder or fuel 
should be reserved to prepare the new summerfallow; this will permit 
effective control of all nymphs on such fields and will ensure uninfested 
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land with a moisture reserve for the following year. (3) Plowing, 
preferably five inches deep, and seeding should be done only if resources 
are available beyond that required above. "Stubbling-in" should be 
avoided. In fact, in years of grasshoppers and of drouth it has frequently 
proven most profitable to restrict the crop only to prepared summer-
fallow. The proper working of fields to be fallowed is essential for the 
most efficient control. Black guard-strips should be placed around all 
such fields before any nymphs hatch. These fields should preferably be 
worked as soon as possible after hatching is complete, and trap-strips 
of volunteer growth left at intervals throughout the fields; the nymphs 
which concentrate on these trap-strips may be easily poisoned with very 
little bait. Poisoned bait should be spread wherever grasshoppers are 
abundant. 
In every grasshopper infested area the control program should be 
adapted to the particular conditions and should be based upon the com-
bination of (1) planning of farm operations for the best utilization of 
available resources, (2) protective tillage and (3) poisoned bait. A 
well organized extension campaign is necessary for an effective control 
campaign. 
HISTORY AND DEVELOPMENT OF AN EXPERIMENTAL BOB-
WHITE MANAGEMENT AREA IN SOUTHERN IOWA1 2 
EARL SANDERS 
From the Department af Zoology and Entomology, Iowa State College 
Received June 19, 1940 
The purpose of this investigation was to secure data on the manage-
ment of the eastern bob-white (Colinus virginianus virginianus (Lin-
naeus)) on an experimental game management area located in Decatur 
and Wayne counties in Southern Iowa. These data included information 
on as many as possible of the agricultural, economic, and social factors 
related to the production and harvest of a shootable surplus of bob-white 
year after year. This investigation continued from July, 1936, to March, 
1940. 
The game management area was divided for experimental purposes 
into the north area containing 4, 739 acres and the south area containing 
2,974 acres. The north area was designated as the pay shooting area be-
cause the farmers were permitted to charge $1.00 a day per man for 
hunting privileges. The south area was designated as a free shooting area 
because the farmers were not permitted to charge for hunting but instead 
were paid 10 cents an acre. Both areas were to carry out identical recom-
mended game management practices. 
The inventories of agricultural crops and livestock, game manage-
ment practiced by the farmers, and method of land operation were organ-
ized and tabulated in such a manner that comparisons could be made 
between the north and south areas and between tenant and owner oper-
ators. 
The three-year average percentages for the agricultural crops grown 
were: corn (Zea mays var.), 14.36 per cent; oats (Avena sativa var.), 
8.08; wheat (Triticum aestivum var.), 1.60; rye (Secale cereale var.), 
0.87; and sorghum (Sorghum vulgare var.), millet (Setaria italica var.), 
and legumes 3.01. The average percentage of meadow for the three 
years was 15.03 per cent; of pasture, 55.81, and fallow 1.39. Comparison 
of the three-year average percentages of agricultural land usage showed 
little variation between the two areas or between owner and tenant 
operators. 
The livestock raised on the area were: horses, cattle, hogs, and 
sheep. The three-year average of acres of pasture per animal unit for 
owner operators in the north area was 4.14 acres, for tenants, 7.12 acres; 
for owners in the south area 5.34 acres and for tenants, 6.06 acres; the 
1 Original thesis submitted June, 1940. Doctoral thesis number 564. 
•This research was made possible through the cooperation of Iowa State College, 
Iowa State Conservation Commission, American Wildlife Institute, and the United 
States Bureau of Biological Survey. 
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average number of acres of pasture per animal unit for all operators in 
the north area was 4.99 and in the south area, 5.88 acres. 
Designated game management practices in 1936 were: planting 
sorghum seed, planting Korean lespedeza (Lespedeza stipulacea) seed, 
setting out trees, fencing an eroding ditch or a feeding station, and con-
structing a feeding station. The materials for these practices were fur-
nished the farmers without cost. Part of the designated game management 
practices were performed by 100 per cent of both owner and tenant 
operators in the south area and by 75 per cent of the owner operators and 
67 per cent of the tenant operators in the north area. The payment of 10 
cents an acre to the operators in the south area did seem to influence 
slightly the performing of the designated practices for the year 1936. The 
cost for performing these game management practices including materials 
and the acreage fee was 13.34 cents an acre for the south area and 3.47 
cents for the north area. On the whole there seemed to be little differ-
ence between the amount and effectiveness of game management prac-
ticed by owner and tenant operators. The interest of the farmers in 
bob-white management showed an increase since in 1939-1940, when no 
acreage fee had been paid for two years, 20 farmers, 10 owners and 10 
tenants, fed quail during the winter and only two had fed them during 
the winter of 1936-1937. 
Seed-eating birds were observed competing with bob-white for food 
only during the late summer, fall and early winter of 1936. 
Cooper's hawk ( Accipiter cooperi) and the great-horned owl (Bubo 
virginianus virginianus) were the only birds of prey present in sufficient 
numbers that might have been predators of quail. 
The principal fur-bearers on the area were: the Virginia opossum 
(Didelphis virginiana virginiana), eastern raccoon (Procyon lotor 
lot or) , Mississippi Valley mink ( M ustela vison letif era), prairie spotted 
skunk (Spilogale interrupta), Illinois skunk (Mephitis mesomelas avia), 
and Northern Plains red fox (Vulpes regalis). Of the 58 fox stomachs 
examined only one contained any evidence of quail. A total income of 
$146.45 was received during the season of 1936-1937 for fur bearers' pelts 
taken on 11 farms containing 1,996 acres which was an average of 7 .33 
cents an acre. The three most frequently taken fur-bearers on these 
farms were the Illinois skunk, one to 24.65 acres, the opossum, one to 
66.53 acres, and the prairie spotted skunk, one to 90.72 acres. 
Norway rats (Rattus norvegicus) were so numerous in 1939 that 
they destroyed from one to three acres of corn in the fields for many 
farmers. 
An average of one domestic cat (Felis libyca domestica) for each 41.2 
acres was on the area in 1938. Apparently this population was too high 
for its continuance since within a year most of the cats died of a disease 
which the farmers said was similar to distemper. 
The average percentage of owner operated land in the north area 
for four years was 54.63 per cent, of tenant operated land 41.02; owner 
operated land in the south area was 27.04 per cent and tenant operated 
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land was 70.69. The average percentage of unrented land for the same 
years was 4.35 per cent in the north area and 2.28 in the south area. Social 
and economic conditions of the people were important factors in bob-
white management. . 
During the period of the investigation three winters and one sum-
mer of adverse conditions for bob-white survival and production were 
experienced. In contrast to these unfavorable seasons two consecutive 
summers and two winters of exceptionally favorable conditions for the 
bob-white occurred. These severe winters caused calculated losses of 87.8, 
74.6, and 55.2 per cent of the quail. 
The lowest calculated population density for the area was one bird 
to 85. 7 acres and the highest was one bird to 3.33 acres which was built up 
during three consecutive rearing seasons. The highest calculated per-
centage rate of recovery was 456. 7 per cent which occurred during the 
season when the breeding population was the lowest and the lowest per-
centage rate of recovery was 84.5 per cent when the breeding population 
was the highest. 
Hunting quail was permitted in the season of 1936 and closed until 
the season of 1939. The farmers allowed very little hunting in 1936 and 
211 birds were reported taken by hunters in 1939. As far as is known no 
hunter on either area was charged for the privilege of hunting. 
The farmer-sportsman relationships did not progress to the stage of 
successful pay hunting which may be the satisfactory solution of hunting 
privilege on privately owned lands. 
THE SCORPIONS OF ARIZONA1 
HERBERT LUDWIG STAHNKE 
From the Department of Zoology and Entomology, Iowa State College 
Received June 19, 1940 
During the course of this work the writer endeavored to collect and 
classify representative specimens of the scorpions of Arizona. In order 
to facilitate the taxonomic work the external morphology was described. 
The morphological terms peculiar to scorpions and those taken over 
from entomology have been defined, and many of the important struc-
tures are presented in twenty figures. 
In the collection are specimens from every county in Arizona except 
Apache. No specimens have been taken from that county yet. In the 
collection the following previously named species are identified: Cen-
truroides sculpturatus Ewing, Vejovis spinigerus (Wood), V . boreus 
(Girard), V. crassimanus Pocock, Hadrurus hirsutus (Wood), and Diplo-
centrus whitei Gervais. From the remaining material the writer here 
describes the following new species: 
Centruroides gertschi. Two parallel, irregularly shaped black stripes 
on dorsum. On the carapace these stripes represented by only two elon-
gated spots on the posterior median keels. No pit in the center of the 
basal piece. A discontinuous stripe on the ventral surface of the cauda 
and fifth caudal segment not darker in color than the rest. Specimens 
were taken from Clifton, Mesa, Nogales, Thatcher, and Warren. 
Vejovis aquilonalis. First segment of cauda has no distinct, granular 
inferior keels. Carapace shorter than fifth caudal segment and slightly 
shorter than movable finger of pedipalp. Dorsum of a uniform orange-
brown color. The specimen, a male, was taken 37 miles south of the 
Grand Canyon on highway 64. 
Vejovis wupatkiensis. First segment of cauda has weak inferior 
median keels, but inferior lateral keels distinct and granular. Anterio-
median border of the carapace broadly, but not deeply, emarginate. 
Movable finger of pedipalp much longer than the fifth caudal segment. 
Entire body orange yellow to light brown and frequently variegated 
slightly with darker brown. The specimens were taken at the Wupatki 
National Monument. 
Vejovis confusus. Body orange to pale yellow. In some cases the 
terga have fuscous bands. Hands smoothly keeled and fifth caudal seg-
ment as large as, sometimes larger than, those in front. The specimens 
were taken from Coolidge, Mesa, Superior, Tucson, and Wickenburg. 
V ejovis jonesi. Preabdomen and legs yellowish-brown. Pedipalps, 
carapace and cauda a darker brown. Carapace shorter than fifth caudal 
segment and shorter than segment one plus two. Movable finger of the 
'Original thesis submitted July, 1939. Doctoral thesis number 535. 
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pedipalp shorter than fifth caudal segment. Anterio-median border defi-
nitely emarginate. Seven well defined, subcircular, middle lamellae. The 
specimen, a female, was taken at the Wupatki National Monument. 
Vejovis lapidicola. Foundation color yellow to orange-brown. Trunk 
somewhat variegated with dark brown. Anterio-median border quite 
deeply emarginate. Fifth caudal segment more than twice as long as 
wide. Intercarinal spaces of inferior keels on this segment smooth to 
finely granular. Carapace longer than fifth caudal segment and as long 
as segment one plus two. Movable finger of the pedipalp shorter than 
fifth caudal segment. Middle lamellae vary from five to seven, very defi-
nite and subcircular. The specimens were taken one mile east of Flagstaff. 
Vejovis vorhiesi. Foundation color yellowish-brown variegated with 
dark brown and black. Trunk marbled above but not below. Each 
tergum coarsely granulated, especially the posterior half. Two more or 
less yellowish-brown, smooth to finely granular, V-shaped marks, with 
apex directed medially, found laterad on the second to sixth terga. Fifth 
caudal segment hardly twice as long as wide. Intercarinal spaces on this 
segment coarsely granular and variegated with black and brown. Cara-
pace longer than fifth caudal segment. Sixt to eight subcircular middle 
lamellae in pectines. The specimens were taken in Huachuca Mts., Santa 
Catillina Mts., and Tucson. 
Hadrurus spadix. Entire dorsum a rich reddish-brown. This species 
closely resembles that of H. aztecus Pocock but differs in the following 
characteristics: Interocular triangle of female very smooth with a few 
granules on periphery. Entire carapace as dark, if not darker than, trunk. 
Ocular tubercle of female somewhat granular posteriorly. Entire male 
tubercle granular mesially. Last abdominal sternum coarsely granular. 
Entire upper surface of brachium coarsely granular. Movable finger 
always longer than carapace. Specimens were taken at Kingman, Grand 
Canyon, and Wupatki National Monument. 
Superstitionia donensis. Entire body shiny and smooth due to the 
remarkable lack of granules and keel formation. Foundation color from 
a cream to a tan. Three longitudinal brown stripes, two lateral and one 
median, traverse the dorsum. Pectines have three relatively large, angu-
lar middle lamellae and six broad-bladed teeth. Fulcra conspicuous but 
not as large as middle lamellae. Two lateral eyes on each side of cara-
pce. Sternum broader than long and with a longitudinal median furrow 
which is T-like anteriorly. The specimens were taken in the Superstition 
Mts. 
This last species, in order to place it in the family Chactidae in which 
it belongs, required the creation of a new subfamily, which was called 
Superstitioninae. This new group has the following differentiating char-
acters: The pedipalp fingers have non-overlapping oblique rows of gran-
ules on their inner borders. The movable finger of the chelicera does not 
have any teeth on its interior surface. The median groove of the sternum 
is T-like anteriorly. The anterior surface of the cauda is smooth and has 
a pigmented indication of a single inferior median keel. 
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Vejovis subcristatus Pocock, V. punctipalpus Wood, V. flavus Banks, 
and Centruroides suffusus Pocock, reported by other writers as having 
been taken in Arizona, are not represented in the collection made by the 
writer. 
Experimental studies were made on pathological effects of the 
venom of different species. The venom of the following produced only 
a local swelling on white rats with apparently no general effect: Vejovis 
spinigerus V. wupatkiensis, V. confusus, and Superstitionia donensis. 
On the other hand, the venoms of Centruroides sculpturatus and C. 
gertschi were found to produce a general neuropathic reaction which was 
fatal to white rats. These two species were also found to be responsible 
for the human deaths due to scorpion sting in Arizona. A Mexican serum 
was found to be effective in saving the lives of persons stung by these 
species. 
Many of the life habits of scorpions are described. Scorpions are 
shown to be negatively phototropic, and positively thigmotactic. Some 
species are negatively geotropic while others are positively so. The food 
of the scorpion is shown to depend upon the direness of the need. As a 
rule the scorpions live on soft bodied insects and spiders. They are 
shown not only to suck the body juices of their victims but also to eat 
the sclerotized parts as well. They are apparently able to digest the 
hard parts of the insect bodies. The mating habits and parental instincts 
are discussed, but copulation was not observed. The first two molts are 
given as occurring within an average period of thirty-five days, while a 
half-grown scorpion did_ not molt for over a year. 
A CORRELATION BET\VEEN ADSORPTION OF HYDROGEN AND 
ACTIVITY OF SOME CATALYSTS CONTAINING 
OXIDES OF COPPER1 
BRADFORD ROY STANERSON 
From the Department of Chemistry, Iowa State College 
Received June 19, 1940 
The phenomenon of the adsorption of gases on solids was recognized 
very early in the study of chemistry. This was also true of the general 
characteristics of catalysis, but it wasn't until 1906 that Bone and Wheeler 
(1) recognized that adsorption played an important part in catalysis 
involving gaseous reactants and solid catalysts. Since that time a great 
deal of work has been done in an effort to determine the true relationship 
between adsorption and catalysis. Recently Menzel (2) found some new 
hydrogenation catalysts containing oxides of copper and since the ad-
sorption of hydrogen on catalysts of this type had never been determined, 
the investigation described in this thesis was started. 
EXPERIMENTAL 
The adsorption of hydrogen at 100°C. on the catalysts was deter-
mined in an apparatus designed for isothermal adsorption and for pres-
sures varying from 0 to 60 cm. The free space in the catalyst bulb was 
determined by measuring the volume of helium necessary to fill the bulb. 
The hydrogenation of furfural in the liquid phase was carried out 
using the catalysts mentioned above. The apparatus used was a rocking 
type, copper-lined autoclave approximately three feet in length and 
having an inside diameter of about three inches. The original pressure 
used was 600 lb. -+- 20 lb. and the maximum temperature was 222°C. 
The catalysts used were Cu20 samples made by the reduction of 
Cu (N03 ) 2 by means of dextrose. These samples were promoted with 
oxides of Mg, Ca, Sr, Ba, and the double promoter CaO-V 20 4 • A copper-
chromium oxide catalyst prepared according to the directions of Conner, 
Folkers and Adkins (3) also was used. 
RESULTS 
A. The amount of hydrogen adsorbed by a Cu20 sample promoted 
with CaO was determined at temperatures varying from 0° to 174°C. and 
it was found that there was no measurable adsorption at 0°, 96 per cent 
adsorption at 57.3° and 1.07 cm. pressure, and no significant change at 
the higher temperatures. The rate of adsorption increased as the tem-
perature was increased. 
B. The reversibility of hydrogen adsorption at 100° on a pro-
moted Cu20 sample was determined and it was found that about one-
1 Original thesis submitted December, 1939. Doctoral thesis number 545. 
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fifth of the hydrogen could be removed by reducing the pressure from 
52.27 cm. to 2.81 cm. 
C. The effect of promoters on adsorption was determined and it 
was found that from 0- to 700-fold increases could be obtained. BaO was 
the best promoter and the others were effective in the following order: 
CaO and V204, CaO, SrO and MgO. 
D. Adsorption isotherms were run on catalysts that were also used 
in the hydrogenation of furfural. The results of the experiments are sum-
marized below. The adsorption is given as the number of milliliters of 
hydrogen adsorbed per 8.6 g. of Cu20 at 11 cm. of pressure, and the re-
action rate is given as pounds decrease of pressure per five-minute in-
terval. 
TABLE 1. Adsorption of hydrogen and catalytic activity of some catalysts containing 
oxides of copper 
Cu20 
Cu-Cr Cu20 Cao Cu20 Cu20 
Catalyst oxide Bao v.o. Cao• Cao• 
Temperature 
at start of 
hydrogenation 139 167 157 157 172 
Moles of hy-
drogen used .. 3.24 2.73 3.24 2.75 3.25 
Reaction rate 
(average) .. 32.6 25 28.7 8.8 22.7 
Reaction rate 
(maximum) 70 37 40 16 45 
Temperature 
at maximum 
reaction rate 157 185 173 216 203 
Adsorption 80 67 40 22 3 
*The two samples were prepared differently. 
** Commercially made Cu,O used. 
CONCLUSIONS 
Cu20 Cu20 cu,o•• 
SrO cu,o• cu,o • MgO cao 
171 165 177 172 --
1.8 2.69 1.29 3.28 None 
7.4 11.7 6 17.7 0 
12 18 10 35 0 
200 198 202 206 --
0.5 0.1 0.08 0 0 
1. For those catalysts investigated which contained Cu20, the ad-
sorption of hydrogen takes place with such a velocity that equilibrium 
is reached in two hours or less if the temperature is 57°C. or above. The 
higher the temperature the more rapidly the equilibrium is reached. 
2. Only a small fraction of the hydrogen that is adsorbed at 100°C. 
by catalysts that contain Cu20 is released as the pressure is diminished. 
3. Some substances which promote the catalytic action of Cu20 
have a very great effect upon the amount of hydrogen adsorbed by a 
given amount of catalyst. Of those investigated BaO, CaO, and the 
double promoter, CaO and V204 , have the greatest effect. The effect 
upon adsorptive capacity is many times greater than the effect upon 
catalytic activity. 
4. The divalent oxides of Ba, Ca, Sr, and Mg have a wide range in 
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their effect upon Cu20 as an adsorbent of hydrogen. BaO is the best and 
the others follow in the order listed above. 
5. A commercial grade of Cu20 shows no adsorption of hydrogen 
even when promoted with CaO. Different samples of Cu20 prepared by 
slight modifications of the Fehling's method of preparation have slightly 
different adsorptive capacities. This indicates that the method of prepar-
ation of Cu20 is important in determining its capacity to adsorb hydrogen. 
6. For the catalysts investigated there is a fair qualitative correla-
tion between the adsorptive capacity of the catalysts and their catalytic 
activity based on the following points: (a) the temperature at which 
hydrogenation starts, (b) the moles of hydrogen used during hydrogena-
tion, (c) the average rate of hydrogenation, (d) the maximum rate of 
hydrogenation, and ( e) the temperature at which the maximum rate of 
hydrogenation occurs. 
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The discovery of vitamin E and the elucidation of its cause and ef-
fect relationship to reproduction in small laboratory animals have led to 
subsequent investigations for determining its value as a prophylactic 
against certain types of sterility in domesticated animals and man. It is 
;in established fact that vitamin E is necessary in the diet for normal re-
production in rats, mice and for the hatchability of eggs. Sterility evoked 
by experimentally induced avitaminosis E can be corrected in the fe-
male rat by the administration of vitamin E in the form of wheat germ 
oil, and also by administration of alpha-, beta-, or gamma-tocopherol or 
their allophanates. The assumption has been made that a deficiency of 
this vitamin does occur extensively in farm animals under usual farm 
conditions, but the clinical success reported with wheat germ oil (vitamin 
E) therapy in combating certain types of temporary sterility among farm 
animals has been empirical in nature. No valid experimental data exist 
to indicate to what extent vitamin E does actually affect fertility among 
our domesticated mammals. 
Because of the economic importance of sterility in farm animals and 
since experimentally induced avitaminosis E is known to exert a dele-
terious effect on fertility in small laboratory animals, an accurate evalua-
tion of this accessory food factor in remedying sterility in farm animals 
seemed apposite. Once infertility had been definitely produced it would 
be possible to proceed effectively to appraise the alleged therapeutic 
value of vitamin E, or certain commercial by-products known to be rich 
in this vitamin such as wheat germ and wheat germ oil. 
Six years ago the Iowa Agricultural Experiment Station initiated a 
project to study the effect of an avitaminosis E regimen in larger animals. 
The objectives were: First, to determine whether animals thus restricted 
required vtiamin E in the ration for successful reproduction; second, to 
study the effect of avitamosis E on the reduction of the amount of this 
factor occurring naturally in milk and certain body tissues; and third, to 
ascertain whether continued avitaminosis E during a reasonable length 
of time would induce nutritional sterility and if so, to determine the 
rational therapeutic value of wheat germ oil. Experimental evidence 
which could be obtained for the elucidation of these problems would be 
of inestimable value to the livestock breeder. 
Although the ultimate intention was to use dairy cattle for experi-
mental animals, it was thought wise to use first a smaller ruminant be-
1 Original thesis submitted June, 1939. Doctoral thesis number 518. 
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cause of the extensive nature of this problem. For reasons of economy of 
animals, time, help and feed, milk goats rather than dairy cows were used 
in this study. Seven female goats of mixed origin and breeding were pur-
chased in the spring of 1933. Four proved their fertility by dropping live 
and healthy kids prior to going on experiment. The remaining three were 
young virgin does. These goats and their progeny were continued on 
trial and under observation for their reproductive performance until 
November 5, 1937, when the work with the live goats was terminated. 
With the exception of two animals of proven fertility all of the males used 
were reared from does in the experiment. 
The procedure employed in caring for all goats throughout the four 
and one-half years of the experiment was designed to eliminate any 
likelihood of the animals receiving vitamin E by contamination or in the 
ration. The goats were caged in pens which had wire bottoms and sides 
mounted on wooden farmes. They were restricted continually to a stand-
ard ration which had been treated with ethereal solution of ferric chlo-
ride in amounts equal to one per cent by weight of the ration. A suitable 
apparatus was used for the evaporation and recovery of the ether. Fol-
lowing recovery of the solvent the treated feed was stored at approxi-
mately 50°C. for two or more weeks to accelerate the inactivation of 
vtiamin E. As a further precaution the treated and aged feed was biologi-
cally checked with rats by means of resorption gestations before being 
fed to the goats. The ferric chloride treated, aged and tested feed sup-
plemented with vitamin E-free accessory food factors constituted the goat 
experimental ration. All goats had access continually to iodized salt and 
fresh water. 
The biological tests for vitamin E were carried out by restricting 
weanling, virgin vitamin E-depleted, and resorption gestation, groups of 
rats for extended periods of time to the materials to be tested. The oc-
currence of sterility as a result of the diet indicated the absence of 
vitamin E, the production of litters or prevention of sterility as evidence 
of its presence in the test material. The technique devised for the 
treatment of large quantities of natural foodstuffs with ferric chloride 
was effective in producing an avitaminosis E regimen. Administration of 
the treated experimental ration and untreated accessory food factors 
(vitamins A, D and B-complex) to virgin vitamin E-depleted rats as well 
as to rats which had undergone a resorption gestation invariably resulted 
in nutritional sterility following conception as manifested by resorption 
gestations. 
The efficacy of the method of treatment was further demonstrated by 
the administration of an ether extract of the treated ration to vitamin E-
depleted resorption gestation rats and by prolonged restriction of wean-
ling male and female rats to the experimental ration. Both methods of 
feeding resulted in nutritional sterility in the two sexes. Microscopic 
examination of the testes of the males revealed a complete degeneration 
of the seminiferous tubules while the females went through resorption 
gestations typical of insufficiency of vitamin E. 
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The possibility that the ferric chloride may have caused resorption 
gestations in the rats and thus invalidated the tests for vitamin E was 
checked. Administration of the untreated ration or the ferric chloride 
treated ration supplemented with wheat germ oil to resorption gestation 
rats which had been reared and restricted to the ferric chloride treated 
ration cured the nutritional sterility in the females and resulted in nor-
mal litters at term. Thus it apparently was established that the experi-
mental ration was adequate in all recognized food constituents except 
vitamin E. 
The reproductive performance of the male and female goats was ob-
served through the experiment. The fertility of the bucks allowed to 
reach maturity was measured by the number of matings which produced 
offspring, or their virility was estimated by microscopic determination of 
the percentage of motility of their sperms. Also histological studies of 
the reproductive organs of the male goats were made. The fertility and 
fecundity of the does was compared with that of does at other stations 
reared under usual conditions. 
The inhibitory effects imposed by the ferric chloride treated (avita-
minosis E) ration invariably resulted in sterility in male and female rats. 
This phenomenon was not observed in the goats. Unlike rats, the repro-
ductive behavior of male and female goats was unaffected, although both 
species were restricted to the same experimental ration. No unusual 
difficulty was experienced in having the seven parental goats multiply 
to 48 during the four and one-half years of the experiment. Of the 48 
goats, 35 were born to mothers while restricted to the experimental 
avitaminosis E ration. The 21 gestations out of a possible 22 occurring 
among 15 does in the course of four breeding seasons resulted in the 
birth of 31 live kids and four others which were dead at birth but with-
out any detectable abnormalities. The male and female goats reared to 
sexual maturity developed or reproduced regularly except in the case of 
four goats. A possible explanation of the slightly subnormal development 
of the four goats could not logically be attributed to vitamin E-deficiency. 
It was demonstrated that a prolonged avitaminosis E regimen was 
effective in decreasing the amount of vitamin E usually present in the 
milk and certain body tissues of the experimental goats. Milk, butterfat, 
muscle and adipose tissue, which were obtained from the first and second 
generation male and female goats reared and restricted to the ferric 
chloride treated experimental ration, when fed in large quantities to 
avitaminosis E sterile rats produced resorption gestations typical of an 
insufficiency of this factor. Conversely, these same materials produced 
normal litters when supplemented with wheat germ oil. Likewise, feed-
ing vitamin E-depleted rats milk or muscle tissue obtained from goats 
reared under usual farm conditions always rescued the gestation, result-
ing in the delivery of normal litters at term. All the substances tested 
were handled in the same manner, stored under essentially the same con-
ditions for approximately the same length of time. The rats received the 
materials as supplements to a basal vitamin E-free ration. That the basal 
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regimen employed in these tests was devoid of the anti-sterility factor was 
demonstrated by the fact that negative control groups of resorption gesta-
tion or weanling female rats remained sterile or depleted themselves of 
their vitamin E reserves when restricted to the basal ration. 
The observance of decreased body reserves of viamin E in the ex-
perimental goats thus was analogous to the conditions which occurred in 
rats restricted to the identical avitaminosis E regimen. On the other hand, 
unlike rats, goats apparently are able to reproduce through several gen-
eraions although restricted continually to a vitamin E-deficient ration. 
The markedly decreased quantity of vitamin E in their milk and certain 
of their body tissues had no detectable deleterious effect on their fertility 
or fecundity. 
The evidence presented demonstrates that rations for goats do not 
require supplementation with vitamin E or concentrates of this factor, 
such as wheat germ oil or wheat germ meal, to insure successful repro-
duction. Whether the vitamin E requirements of other farm animals are 
comparable to those of the rat or are negligible, as in the case of the goat, 
requires further study. 
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discussion and summary, 448 
experimental results, 448 
methods, 447 
Agkistrodon contortrix, 1 
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Aliphatic amines, high molecular weight, 
and their derivatives, 13 
discussion, 13 
experimental, 19 
acid chlorides, reaction of, 24 
amine hydrochlorides 
preparation of, 21 
reaction of, 24 
amines 
direct condensation of, 23 
high molecular weight primary, 
manipulation of, 21 
mechanism of direct condensation 
of, 23 
carboxylic acids 
direct condensation of, 23 
mechanism of direct condensation 
of, 23 
decanediamine, preparation of 1, 10-
20 
naphthylureas, preparation of a-, 22 
nitriles, preparation of, 19 
octadecyhnalonamide, preparation of 
N,N'Di-N-, 24 
octadecylurea, preparation of N,N'Di-
N-, 22 
phenylthioureas, preparation of, 22 
phenylureas, preparation of, 22 
phthalamic acids, preparation of, 23 
phthahnides, preparation of, 23 
summary, 24 
Aliphatic compounds, long-chained, phe-
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Amides 
of n-dodecylamine and n-octadecyl-
amine, 223 
pyrolysis of amine salts to, 230 
Amine hydrochlorides 
preparation of, 21 
reaction of, 24 
Amine salts 
preparation of, 229 
pyrolysis of, to amides, 230 
Amines 
direct condensation of, 23 
high molecular weight aliphatic, and 
their derivatives; see Aliphatic 
amines 
high molecular weight primary, mani-
pulation of, 21 
mechanism of direct condensation of, 23 
Ant, a new, with plumose hairs, from 
Iowa; see Lasius plumopilosus 
Anthocoridae (Hemiptera), a new genus 
and species of, 343 
Ants, Iowa, preliminary list of, 111 
Dolichoderinae subfamily, 114 
Dorylinae subfamily, 112 
Formicidae family, 112 
Formicinae subfamily, 144 
Myrmicinae subfamily, 112 
Appraisal of grasshopper control methods 
in Saskatchewan, 95 
Aspect of slope, effect of, on climatic fac-
tors; see Slope 
Avitaminosis E., effect of, on reproduction 
and vitamin E storage in the tissueio 
and milk of goats, 107 
Bacteria 
coli-aerogenes, dissimilation of carbo-
hydrates by, 84 
fluorescent, in dairy products, 72 
heterotrophic, utilization of carbon di-
oxide by, 339 
Bedbug, Brazilian chicken; see Ornitho-
coris toledoi pinto 
Biological and nonbiological means of 
oxidation of polyhydric alcohols, com-
parative studies on, 78 
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Biological decomposition of plant materi-
als, measurement of heat liberated 
in process, 60 
Biological studies of the Brazilian chicken 
bedbug; see Ornithocoris toledoi pinto 
Blue (Roquefort type) cheese, defects 
of, 58 
Bob-white, eastern 
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management area in southern Iowa, 
history and development of, 98 
Brazilian chicken bedbug; see Ornitho-
coris toledoi pinto 
Bu.fo americanu.s americanu.s Holbrook, 
171 
Bu.fo cognatu.s Say, 173 
Bu.fa woodhou.sii fowleri Hinckley, 174 
Bu.fo woodhou.sii woodhou.sii Girard, 174 
Carbohydrates, dissimilation of, by the 
coli-aerogenes bacteria, 84 
Carbon dioxide, utilization of, by hetero-
trophic bacteria, 339 
Carbon partition, glucose; see Glucose 
Carboxylic acid salts, of n-dodecylamine 
and n-octadecylamine, 223 
Carboxylic acids 
direct condensation of, 23 
mechanism of direct condensation of, 23 
Carotenoids in corn gluten, 89 
Catalysts containing oxides of copper, ad-
sorption of hydrogen and activity of, 
104 
Chaetomiu.m fu.nicola Cke., the dissimila-
tion of glucose by; see Glucose 
Cheese, blue (Roquefort type), defects 
of, 58 
Chicken bedbug, Brazilian; see Ornitho-
coris toledoi pinto 
Chlorotic and nonchlorotic areas of Hy-
rum clay loam, factors influencing the 
solubility of iron and phosphorus in; 
see Clay loam 
Clarification of sorgo sirup, the use of 
Iowa clays for; see Sorgo sirup 
Clay loam, Hyrum, factors influencing the 
solubility of iron and phosphorus in 
chlorotic and nonchlorotic areas of, 
433 
discussion, 441 
results, 436 
summary, 443 
Clays, Iowa, in the clarification of Sorgo 
sirup; see Sorgo sirup 
Climatic factors, effect of aspect of slope 
on; see Slope 
Coli-aerogenes bacteria, dissimilation of 
carbohydrates by, 84 
Colinus v. virginianus, age classes of win-
ter cover used by, in southern Iowa, 3 
Comparative studies on the oxidation of 
polyhydric alcohols by biological and 
nonbiological means, 78 
Copper, adsorption of hydrogen and ac-
tivity of some catalysts containing 
oxides of, 104 
Copperhead, the northern, in Iowa, 1 
Corn gluten, carotenoids in, 89 
Correlation between adsorption of hydro-
gen and activity of some catalysts 
containing oxides of copper, 104 
Correlations, growth, in maize seedlings, 
82 
Dairy products, the fluorescent bacteria 
in, 72 
Decanediamine, prepartion of, 1, 10-, 20 
Decomposition 
biological, of plant materials, measure-
ment of heat liberated in process, 
60 
of native organic matter, soil respira-
tion studies on; see Soil respiration 
studies 
of organic materials, influence of, on 
some properties of alkaline-cal-
careous soils; see Soils, alkaline-
calcareous 
Dedication, to Percy Edgar Brown 
Defects of blue (Roquefort type) cheese, 
58 
Degradation of propionic acid synthesized 
by propionibacterium, 213 
Derivatives 
high molecular weight fatty acid; see 
Fatty acid derivatives 
cf high molecular weight aliphatic 
amines; see Aliphatic amines 
opti.::ally active succinic acid, ring clos-
ure of, 93 
Detergents, textile, 55 
Determination of uronic groups in soils 
and plant materials; see Uronic groupg 
Development of western wheat stem saw-
fly (Cephus cinctu.s Nort.) in various 
host plants as an index of resistance, 
67 
Dietary modifications of host rats on the 
tapeworm, effects of; see Hymenolepis 
diminu.ta 
Dissimilation of carbohydrates of the coli-
aerogenes bacteria, 84 
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Dissimilation of glucose of Chaetomium 
funicola Cke., the; see Glucose 
Distribution of Iowa toads, the; see Toads 
Distribution of Pseudomcmas fragi, 87 
Dodecylamine, carboxylic acid salts and 
amides of n-, 223 
Dodecyl bromide, preparation of n-, 220 
Dodecyl sulfide, preparation of n-, 221 
Dodecyl sulfone, preparation of n-, 221 
Dodecyl sulfoxide, preparation of n-, 221 
Eastern bob-white, age classes of winter 
cover used by, in southern Iowa, 3 
Effect of aspect of slope on climatic fac-
tors, see Slope 
Effect of avitaminosis E on reproduction 
and vitamin E storage in the tissues 
and milk of goats, 107 
Effect of treated fats on vitamin A 
potency, the; see Vitamin A potency 
Effects of dietary modifications of host 
rats on the tapeworm; see Hymeno-
lepis diminuta 
Ethyl stearate, preparation of, 217 
Evaluation of the germicidal properties 
of sodium hydroxide and effect of 
acidity on growth of yeasts, 49 
Factors influencing the solubility and 
phosphorus in chlorotic and non-
chlorotic areas of Hyrum clay loam; 
see Clay loam 
Fats, treated, effect of, on vitamin A 
potency; see Vitamin A potency 
Fatty acid derivatives, high molecular 
weight, 215 
amides, pyrolysis of amine salts to, 230 
amine salts 
preparation of, 229 
pyrolysis of, to amides, 230 
attempted reduction of, 219 
ethyl stearate, preparation of, 217 
dodecylamine, carboxylic acid salts and 
amides of n-, 223 
dodecyl bromide, preparation of n-, 220 
dodecyl sulfide, preparation of n-, 221 
dodecyl sulfone, preparation of n-, 221 
dodecyl sulfoxide, preparation of n-, 221 
hexadecyl bromide, preparation of n-, 
219 
hexadecyl sulfide, preparation of n-, 219 
hexadecyl sulfone, preparation of n-, 
220 
hexadecyl sulfoxide, preparation of n-, 
219 
octadecyl sulfide, preparation of n-, 217 
octadecyl sulfone, preparation of n-, 218 
octadecyl sulfoxide 
preparation of n-, 218 
reduction of, to n-octadecyl sulfide, 
219 
oxidation of, to n-octadecyl sulfone, 
219 
sulfides, sulfoxides, and sulfones, 215 
tetradecyl bromide, preparation of n-, 
220 
tetradecyl sulfide, preparation of n-, 
220 
tetradecyl sulfone, prepaartion of n-, 
220 
tetradecyl sulfoxide, preparation of n-, 
220 
Fecal analysis, with reference to the red 
fox, methods and computation in, 279 
experimental procedure, 280 
interpretation of, number of individ-
uals, 284 
methods of analysis and computation, 
280 
summary, 285 
Fleas of eastern United States, 70 
Fluorescent bacteria in dairy products, 72 
Formaldehyde as a finish for wool, 55 
Fructosan content, of some grasses adapt-
ed to Iowa, 301 
methods, 302 
results and conclusions, 303 
summary, 305 
Galium boreale, variations in, 179 
Galium triflorum, variations in, 179 
Germicidal properties of sodium hydrox-
ide, evaluation of, 49 
Glucose, dissimilation of, by Chaetomium 
funicola Cke., 261 
glucose carbon partition, 261, 263 
aeration and agitation of the medium, 
effect of, 265 
experimental results, 263 
formation of organic compounds 
within the medium, 265 
materials and methods, 261 
summary, 267 
Gluten, corn, carotenoids in, 89 
Goats, effect of avitaminosis E on repro-
duction and vitamin E storage in the 
tissues and milk of, 107 
Grasses adapted to Iowa, the fructosan 
content of; see Fructosan content 
Grasshopper control, appraisal of meth-
ods in Saskatchewan, 95 
INDEX 455 
Growth correlations in maize seedlings, 
82 
Gypsum for seed pea production, studies 
of, 415 
Halobatinids, from the western hemi-
sphere, 237 
Halogen as a finish for wool, 55 
Heat liberated in the biological decom-
position of plant materials, measure-
ment of, 60 
Hemip. gerridae, 237 
Hemiptera, 241, 269, 275, 343 
Hexadecyl bromide, preparation of n-, 
219 
Hexadecyl sulfide, preparation of n-, 219 
Hexadecyl sulfone, preparation of n-, 220 
Hexadecyl sulfoxide, preparation of n-, 
219 
Heterotrophic bacteria, utilization of car-
bon dioxide by, 339 
High molecular weight aliphatic amines 
and their derivatives; see Aliphatic 
amines 
High molecular weight fatty acid deriva-
tives· see Fatty acid derivatives 
History ;nd development of an experi-
mental bob-white management area 
in southern Iowa, 98 
Homology, the phenomenon of, with long-
chained aliphatic compounds, 75 
Hymenolepis diminuta, effects of dietary 
modifications of host rats on, 127 
conclusions, 150 
deficiency of vitamins Bi and G, 131 
limitation of amount of food, 127 
milk, soybean oil meal, wheat mid-
dlings, 139 
observations of worm burdens, 144 
Influence of the decomposition of organic 
materials on some properties of alka-
line-calcareous soils; see Soils, alka-
line-calcareous 
Inositol, oxidation of i-, by the action of 
Acetobacter suboxydans; see Aceto-
bacter suboxydans 
Intermediary dissimilation of carbohy-
drates by the coli-aerogenes bacteria, 
84 
Iron in chlorotic and nonchlorotic areas 
of Hyrum clay loam, factors influenc-
ing solubility of; see Clay loam 
Lasius (Acanthomyops) plumopilosus, a 
new ant with plumose hairs from 
Iowa, 231 
female, 231 
male, 232 
variation in type material, 233 
worker, 232 
Long-chained aliphatic compounds, phe-
nomenon of homology with, 75 
Lygus, from the western United States, 
new species, 269 
Maize seedlings, growth correlations in, 82 
Measurement of the head liberated in the 
biological decomposition of plant 
materials, 60 
Mesoveliidae (Hemiptera), notes on the 
family, with descriptions of two new 
species, 275 
Method for estimating the red fox popula-
tion; see Red fox 
Methods and computation in fecal analy-
sis with reference to the red fox; see 
Fecal analysis 
Micro-organisms, numbers of, in relation 
to aggregate size; see Aggregate size 
Milk of goats, effect of avitaminosis E on 
vitamin E storage in, 107 
Miridae, 269 
from China, some new species of, 241 
Mollusks in the vicinity of Ames, Iowa, 
183 
Amnicolidae (Tryon) Gill, 184 
Cochlicopidae, 186 
Ellobiidae H. and A. Adams, 186 
Endodontidae Pilsbry, 185 
Limacidae Lamarck, 186 
Lymnaeidae Broderip, 186 
Physidae Dall, 187 
Planorbidae H. and A. Adams, 186 
Pleuroceridae Fisher, 184 
Polygyridae Pilsbry, 184 
Pomatiopsidae Stimpson, 184 
Pupillidae Turton, 185 
Sphaeriidae Dall, 188 
Strobilopsidae, 186 
Succineidae Albers, 186 
Unionidae (d'Orbigny) Ortmann, 187 
Valloniidae, 186 
Valvatidae Gray, 184 
Zonitidae Pfeiffer, 185 
Myxobacteria, studies on, 307 
distribution in central Iowa with de-
scription of new species, 307 
cultured species, 309 
identified but not cultured species, 311 
isolated species, 309 
isolation methods, 307 
summary, 311 
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role as bacterial parasites, 319 
associated bacteria, 320 
discussion, 333 
experimental procedures and results, 
320 
isolation procedures, 319 
summary, 334 
Naphthylureas, preparation of a-, 22 
New genus and species of anthocoridae 
(Hemiptera), 343 
New species of Lygus from the western 
United States, 269 
New species of Mesoveliidae, 275 
New species of Miridae (Hemiptera) from 
China, some, 241 
Nitriles, preparation of, 19 
Northern copperhead in Iowa, the, 1 
Note on the utilization of carbon dioxide 
by heterotrophic bacteria, 339 
Notes on the family Mesoveliidae (Hemip-
tera) with descriptions of two new 
species, 275 
Octadecylmalonamide, preparation of N, 
N'Di-N-, 24 
Octadecylurea, preparation of N,N'Di-N-, 
22 
Octadecanol, preparation of n-, 217 
Octadecylamine, carboxylic acid salts and 
amides of n-, 223 
Octadecyl bromide, preparation of n-, 217 
Octadecyl sulfide 
preparation of n-, 217 
reduction of n-octadecyl sulfoxide to, 
219 
Octadecyl sulfone 
preparation of n-, 218 
oxidation of n-octadecyl sulfoxide to, 
219 
attempted reduction of, 219 
Octadecyl sulfoxide 
preparation of n-, 218 
reduction of, to n-octadecyl sulfide, 219 
oxidation of, to n-octadecyl sulfone, 219 
Optically active succinic acid derivatives, 
ring closure of, 93 
Organic matter, native, soil respiration 
studies on the decomposition of; see 
Soil respiration studies 
Ornithocoris toledoi pinto, biological stud-
ies of, 27 
biological studies, 28 
adults, 29 
egg laying, 30 
incubation, 30 
mating, 29 
nymphs, 31 
discussion, 33 
distribution, 27 
Oxidation of i-inositol by the action of 
Acetobacter suboxydans; see Aceto-
bacter suboxydans 
Oxidation of polyhydric alcohols by bio-
logical and nonbiological means, 
comparative studies on, 78 
Oxides of copper, adsorption of hydrogen 
and activity of some catalysts con-
taining, 104 
Phenomenon of homology with long-
chained aliphatic compounds, 75 
Phenylthioureas, preparation of, 22 
Phenylureas, preparation of, 22 
Phosphorus in chlorotic and nonchlorotic 
areas of Hyrum clay loam, factors 
influencing solubility of; see Clay 
loam 
Phosphorus in soil and plant material, a 
rapid method for the determination 
of total, 403 
experimental results, 404 
phosphorus in forage or grain, recom-
mended procedure for total, 409 
phosphorus in soil, reagents for total, 
408 
phosphorus in soil, recommended 
procedure for total, 408 
summary, 412 
Phthalamic acids, preparation of, 23 
Phthalmides, preparation of, 23 
Place for the plate count method as ap-
plied to soil; see Plate count method 
Plant and soil material, method for deter-
mination of phosphorus in; see Phos-
phorus in soil and plant material 
Plant materials, determination of uronic 
groups in; see Uronic groups 
Plant materials, measurement of heat 
liberated in the biological decom-
position of, 60 
Plate count method as applied to soil, a 
place for, 375 
errors of the method, 376 
place for the method, 381 
principles and not procedures, 380 
Polyfunctional compounds, some prefer-
ential reactions of, 63 
Polyhydric alcohols, comparative studies 
on oxidation of, by biological and 
nonbiological means, 78 
Population estimates, red fox; see Red fox 
INDEX 457 
Potency, vitamin A, effect of treated fats 
on; see Vitamin A potency 
Preferential reactions of polyfunctional 
compounds, 63 
Preliminary list of Iowa ants; see Ants 
Propionibacterium, note on the degrada-
tion of propionic acid synthesized by, 
213 
Propionic acid, synthesized by propioni-
bacterium, note on the degradation 
of, 213 
Pseudomcmas fragi, distribution of, 87 
Pyrolysis of amine salts to amides, 230 
Quail, age classes of winter cover used 
by, in southern Iowa, 3 
Quantitative spectroscopic analysis of 
soils; see Soils 
Rapid method for the determination of 
total phosphorus in soil and plant 
material; see Phosphorus in soil and 
plant materials. 
Rats, effects of dietary modifications of, 
on the tapeworm; see Hymenolepis 
diminuta 
Reactions of polyfunctional compounds, 
preferential, 63 
Red fox, method for estimating popula-
tion, 155 
application, 157 
evidence of occupation, 155 
interpretation, 158 
summary, 159 
Red fox, methods and computation in 
fecal analysis with reference to; see 
Fecal analysis 
Reproduction, effect of avitaminosis E on, 
107 
Respiration studies, soil, on the decom-
position of native organic matter; see 
Soil respiration studies 
Rhizobia, an identification scheme for 
numbering cultures of, 425 
discussion, 431 
identification of cultures of, 430 
Leguminosae family, 425 
Rhizobium leguminosarum, studies of 
cultures of, for seed pea production, 
415 
effect on nodulation and yield of peas, 
417 
experimental plans and methods, 416 
Ring closures of optically active succinic 
acid derivatives, 93 
Sawfly, western wheat stem, development 
of, in various host plants as an index 
of resistance, 67 
Scorpions of Arizona, 101 
Seed pea production 
gypsum for, 4Ui 
straw for, 415 
studies of Rhizobium leguminosarum 
for; see Rhizobium leguminosarum 
Sirup, sorgo, the use of Iowa clays for the 
clarification of; see Sorgo sirup 
Slope, effect of aspect of, on climatic 
factors, 161 
climatic factors, comparison of, 162 
stations, description of, 161 
summary, 166 
Sodium hydroxide, germicidal properties 
of, 49 
Soil and plant material, method for the 
determination of phosphorus in; see 
Phosphorus in soil and plant material 
Soil, a place for the plate count method 
as applied to; see Plate count method 
as applied to soil 
Soil microbiology, some contributions to, 
and their influence on the develop-
ment of this science, 349 
Soil respiration studies on the decom-
position of native organic matter, 353 
moisture, effect of, 365 
methods, 359 
native organic matter, decomposition 
of, 361 
nitrogen, available, effect of, 369 
object of investigation, 354 
soils studied, 354 
acid soils, 354 
alkaline soils, 356 
"alkali" soil, 357 
Soils 
alkaline-calcareous, influence of the 
decomposition of organic materials 
on some properties of, 385 
experimental, 386 
aggregation of soil particles, 
changes in, 396 
methods and procedure, 386 
nitrate formation and changes in 
pH, correlation between, 395 
nitrate-nitrogen changes, 394 
pH effects, 391 
rate of decomposition, 389 
summary, 399 
determination of uronic groups in; see 
U ronic groups 
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quantitative spectroscopic analysis of, 
119 
powders, analyses of, 120 
results and discussion, 123 
solutions, analysis of, 121 
spectroscopic equipment and pro-
cedure, 119 
Some contributions to soil microbiology 
and their influence on the develop-
ment of this science, 249 
Sorgo sirup, clarification of, the use of 
Iowa clays for, 287 
characterization of clays, 292 
comparison of clays, 290 
conclusions and summary, 297 
description of, 295 
experimental work, 290 
historical and theoretical, 289 
methods of producing sorgo sirups, 288 
Spectroscopic analysis of soils, the quan-
titative; see Soils 
Straw for seed pea production, studies 
of, 415 
Studies on the Myxobacteria; see Myxo-
bacteria 
Succinic acid derivatives, optically active, 
ring closure of, 93 
Sulfides, as fatty acid derivatives, 215 
Sulfones, as fatty acid derivatives, 215 
Sulfoxides, as fatty acid derivatives, 215 
Tapeworm, effects of dietary modifications 
of host rats on; see Hymenolepis 
diminuta 
tetradecyl bromide, preparation of n-, 
220 
tetradecyl sulfide, preparation of n-, 
220 
tetradecyl sulfone, preparation of n-, 
220 
tetradecyl sulfoxide, preparation of n-, 
220 
Textile detergents, comparison of, 55 
Tissues and milk of goats, effect of avita-
minosis E on vitamin E storage in, 107 
Toads, Iowa, the distribution of, 169 
American toad (Bufo americnntLS 
americanus Holbrook) , 171 
Fowler's toad (Bufo woodhotLSii fowleri 
Hinckley), 174 
Great Plains toad (Bufo cognatus Say) , 
173 
key to the toads of Iowa, 169 
Rocky Mountain toad (Bufo woodhousii 
woodho'USii Girard), 174 
summary, 17 4 
Tribolium conftLSum, as a vector in tape-
worm studies, 127 
Uronic groups in soils and plant materials, 
determination of, 253 
apparatus, description of, 253 
operation, 255 
summary, 259 
uronic content of plant materials, de-
termination of, 256 
uronic content of soil organic matter, 
determination of, 255 
Use of Iowa clays for the clarification of 
sorgo sirup; see Sorgo sirup 
Utilization of carbon dioxide by hetero-
trophic bacteria, 339 
Variations in Galium triflorum and 
Galium boreale, 179 
Vitamin A potency, effect of treated fats 
on, 189 
experimental and discussion, 189 
summary, 210 
Vitamin E storage in the tissues and milk 
of goats, effect of avitaminosis E on, 
107 
Vulpes regalis, estimating population of; 
see Red fox 
Western wheat stem sawfly, develop-
ment of, in various host plants as an 
index of resistance, 67 
Winter cover, age classes of, used by 
eastern bob-white, 3 
Wool 
formaldehyde as a finish for, 55 
halogen as a finish for, 55 
Yeasts, effect of acidity on, 49 
w 
